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Determining, for each participant, updated 3D participant representation mformation within
the virtual 3D video conference environment, that reflects the direction of gaze of the
participant. 220

environment represents the updated 3D participant representation information for at least
some of the multiple participants. 230

Displaying, by a device of a participant of the multiple participants, an updated

representation of the virtual 3D video conference environment, the updated representation
may be associated with the participant. 240

Transmitting the updated representation of virtual 3D video conference environment to at
feast one device of at least one participant. 250

One or more additional steps. 290
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Obtaining a virtual 3D environment 71

Obtaining information regarding avatars related to participants — a avatar of
a participant includes at least a face of a participant in a conference call 72

Virtually positioning the avatars related to the participants in the virtual 3D
environment 73

Receiving information regarding spatial relationships between the locations
of the avatars of the participants and the directions of gaze of the
participants and updating at least the orientation of the avatars related to the
participants within the virtual 3D environment 74
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VIRTUAL 3D COMMUNICATIONS WITH
PARTICIPANT VIEWPOINT ADJUSTMENT
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BACKGROUND

Video conference calls are very popular. They require that
cach participant has their own computerized system with a
camera that 1s usually located close to a display.

Typically, several participants 1n a meeting are presented
in separate small tiles and another tile may be used for
sharing one of the participants’ screen.

Each participant 1s typically shown with the background
of their own oflice or with a virtual background of their
selection.

Participants are displayed from diflerent angles and in
different sizes.

As a result, people may feel disconnected and not as 1t
they were all present in the same room.

As the user typically looks at the screen where the faces
of the opposite person are displayed and not at the camera
which may be above or below the screen, for example, the
appearing 1mage 1s ol a person that 1s looking downwards or
upwards respectively and not towards the other person.
Hence, eye contact between the participants of the conver-
sation 1s lost. This enhances the feeling of not being con-
nected.

Furthermore, as on each participant’s screen the other
users’ 1mages may be located at different positions and in
varying order, it 1s not clear who 1s looking at who.

Since all the audio streams from all the participants are
merged 1nto one single mono-track audio stream, 1t 1s
impossible to know from what direction the sound arrives,
and this may make 1t difficult to determine who 1s talking at
any given moment.

As most webcams grab an image of the face from the
middle of the chest and upwards, the participants’ hands are
frequently not shown and therefore hand gestures that are a
significant part ol normal conversations are not conveyed 1n
a typical video conference.

Furthermore—the quality of tratlic (bit rate, packet loss
and latency) may change over time and the quality of the
video conference calls may fluctuate accordingly.

Typically, video conferencing images tend to be blurry
due to the limited resolution of the camera (1080x720 pixels
in common laptop cameras), motion blur, and video com-
pression. In many cases the video freezes and audio sounds
metallic or 1s lost.

All these limitations cause an eflect that 1s widely known
as Zoom {fatigue (https://hbr.org/2020/04/how-to-combat-
zoom-fatigue) which results 1n participants becoming more
tired after many hours of video conferencing meetings than
they typically do in normal meetings in the same room.
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There 1s a growing need to enhance the virtual interaction
between participants and to overcome various other prob-
lems associated with current video conference call services.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example of a method;

FIG. 2 illustrates an example of a computerized environ-
ment;

FIG. 3 illustrates an example of a computerized environ-
ment,

FIG. 4 illustrates an example of data structures;

FIG. 5 1llustrates an example of a process for amending a
direction of view of a 3D model of a part of a participant
according to a direction of gaze of the participant;

FIG. 6 includes examples of methods;

FIG. 7 1s an example of 1images and a process;

FIG. 8 1s an example of parallax correction;

FIG. 9 illustrates an example of a 2.5-dimension illusion;

FIG. 10 illustrates an example of 3D content for a 3D
screen or virtual reality headset;

FIG. 11 1s an example of a panoramic view of a virtual 3D
environment populated by five participants, a partial view of
the some of the participants within the virtual 3D environ-
ment, and a hybrid view;

FIG. 12 1s an example of images of different exposure and
an example of 1mages of faces of different shades;

FIG. 13 1s an example of an 1mage of a face and a
segmentation of the image;

FIG. 14 illustrates an example of a method;

FIG. 15 1s an example of a 3D model and a UV map;

FIG. 16 1s an example of 2D-to-2D dense correspon-
dences computation on upper and lower lips;

FIG. 17 1s an example of a method;

FIG. 18 1s an example of methods;

FIG. 19 1s an example of methods; and

FIG. 20 1llustrates a texture map of a face.

DESCRIPTION OF THE DRAWINGS

In the following detailed description, numerous specific
details are set forth 1n order to provide a thorough under-
standing of the embodiments of the disclosure.

However, 1t will be understood by those skilled 1n the art
that the present embodiments of the disclosure may be
practiced without these specific details. In other instances,
well-known methods, procedures, and components have not
been described in detail so as not to obscure the present
embodiments of the disclosure.

The subject matter regarded as the embodiments of the
disclosure 1s particularly pointed out and distinctly claimed
in the concluding portion of the specification. The embodi-
ments of the disclosure, however, both as to orgamization
and method of operation, together with objects, features, and
advantages thereof, may best be understood by reference to
the following detailed description when read with the
accompanying drawings.

It will be appreciated that for simplicity and clarity of
illustration, elements shown in the figures have not neces-
sarily been drawn to scale. For example, the dimensions of
some of the elements may be exaggerated relative to other
clements for clarity. Further, where considered appropriate,
reference numerals may be repeated among the figures to
indicate corresponding or analogous elements.

Because the illustrated embodiments of the disclosure
may for the most part, be implemented using electronic
components and circuits known to those skilled in the art,
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details will not be explained 1n any greater extent than that
considered necessary as illustrated above, for the under-
standing and appreciation of the underlying concepts of the
present embodiments of the disclosure and in order not to
obfuscate or distract from the teachings of the present
embodiments of the disclosure.

Any reference 1n the specification to a method should be
applied mutatis mutandis to a system capable of executing
the method and should be applied mutatis mutandis to a
computer readable medium that 1s non-transitory and stores
instructions for executing the method.

Any reference in the specification to a system should be
applied mutatis mutandis to a method that may be executed
by the system and should be applied mutatis mutandis to a
computer readable medium that 1s non-transitory and stores
instructions executable by the system.

Any reference 1n the specification to a computer readable
medium that 1s non-transitory should be applied mutatis
mutandis to a method that may be applied when executing,
instructions stored in the computer readable medium and
should be applied mutatis mutandis to a system configured
to execute the instructions stored in the computer readable
medium.

The term “and/or” means additionally or alternatively.

Any reference to a “user” should be applied mutatis
mutandis to the term “participant”—and vice versa.

There 1s provided a method, a non-transitory computer
readable medium and a system related to video and may, for
example be applicable to 3D video conference calls. At least
some of the examples and/or embodiments 1llustrated in the
applications may be applied mutatis mutandis for other
purposes and/or during other applications.

For example, referring to a 3D video conference that
involves multiple participants. A first participant 1s 1maged,
and a second participant wishes to view a first avatar (or any
other 3D visual representation) of the first participant within
a virtual 3D video conference environment.

The generation of the first avatar (or any other 3D visual
representation) may be executed 1n various manners—ior
example—only by a device of the second participant, only
by the device of the first participant, partially by the device
ol the second participant, partially by the device of the first
participant, by a cooperation between the devices of the first
and second participants, by another computerized system
(such as but not limited to a cloud system or a remote
system), and/or any combination ol one or more devices.

The inclusion of the avatar (or any other 3D wvisual
representation) within the virtual 3D video conference envi-
ronment may be executed 1n various manners—ior
example—only by a device of the second participant, only
by the device of the first participant, partially by the device
of the second participant, partially by the device of the first
participant, by a cooperation between the devices of the first
and second participants, by another device (such as but not
limited to a cloud device or a remote device), and/or any
combination of one or more devices.

Any reference to one manner of execution of any step of
the generation of the first avatar and/or any reference to one
manner of execution of any step of the inclusion of the
avatar within the virtual 3D video conference environment
may be applied mutatis mutandis to any other manner of
execution.

The generation of the first avatar and/or the inclusion of
the first avatar may be responsive to information gained by
the device of the first user or to a camera or sensor associated
with the device of the first user. A non-limiting example of
information may include information regarding the first
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participant and/or information regarding to the acquisition of
images ol the first participant (for example camera setting,
illumination and/or ambient conditions).

The system may include multiple user devices and/or
intermediate devices such as servers, cloud computers, and
the like.

FIG. 1 illustrates an example of method 200.

Method 200 1s for conducting a three-dimensional video
coniference between multiple participants.

Method 200 may include steps 210, 220 and 230.

Step 210 may include receiving direction of gaze infor-
mation regarding a direction of gaze of each participant
within a representation of a virtual 3D video conference
environment that 1s associated with the participant.

The representation of a virtual 3D video conference
environment that 1s associated with the participant 1s a
representation that 1s shown to the participant. Diflerent
participants may be associated with different representation
of a virtual 3D video conference environment.

The direction of gaze information may represent a
detected direction of gaze of the participant.

The direction of gaze information may represent an
estimated direction of gaze of the participant.

Step 220 may include determining, for each participant,
updated 3D participant representation information within
the virtual 3D video conference environment, that reflects
the direction of gaze of the participant. Step 220 may include
estimating how the virtual 3D video conference environment
will be seen from the direction of gaze of the participant.

Step 230 may include generating, for at least one partici-
pant, an updated representation of virtual 3D video confer-
ence environment, the updated representation of virtual 3D
video conference environment represents the updated 3D
participant representation information for at least some of
the multiple participants. Step 230 may include rendering
images of the virtual 3D video conference environment for
at least some of the multiple participants. Alternatively—
step 230 may include generating input information (such as
3D model and/or one or more texture maps) to be fed to a
rendering process.

Method 200 may also include step 240 of displaying, by
a device of a participant of the multiple participants, an
updated representation of the virtual 3D video conference
environment, the updated representation may be associated
with the participant.

Method 200 may include step 250 of transmitting the
updated representation of virtual 3D video conference envi-
ronment to at least one device of at least one participant.

The multiple participants may be associated with multiple
participant devices, wherein the recerving and determiming,
may be executed by at least some of the multiple participant
devices. Any step of method 200 may be executed by at least
some ol the multiple participant device or by another
computerized system.

The multiple participants may be associated with multiple
participant devices, wherein the receiving and determining,
may be executed by a computerized system that differs from
any of the multiple participant devices.

Method 200 may include one of more additional steps—
collectively denoted 290.

The one or more additional steps may include at least one
out of:
a. Determining a field of view of a third participant within
the virtual 3D video conference environment.




US 11,765,332 B2

S

b. Setting a third updated representation of the virtual 3D
video conference environment that may be sent to a
third participant device to reflect the field of view of the
third participant.

c. Receiving 1nitial 3D participant representation infor-
mation for generating the 3D representation of the
participant under different circumstances. The diflerent
circumstances may include at least one out of (a)
different image acquisition conditions (different 1llumi-
nation and/or collection conditions), (b) diflerent direc-
tions of gaze, (¢) different expressions, and the like.

d. Receiving 1n run time, circumstances metadata; and
amending, in real time, the updated 3D participant
representation information based on the circumstances
metadata.

¢. Repetitively selecting for each participant, a selected
3D model out of multiple 3D models of the participant.

f. Repetitively smoothing a transition from one selected
3D model of the participant to another 3D model of the
participant.

g. Selecting an output of at least one neural network of the
multiple neural networks based on a required resolu-
tion.

h. Receiving or generating participants appearance infor-
mation about head poses and expressions of the par-
ticipants.

1. Determiming the updated 3D participant representation
information to retlect the participant appearance infor-
mation.

1. Determine a shape of each of the avatars that represent
the participants.

k. Determining relevancy of segments ol updated 3D
participant representation information.

1. Selecting which segments to transmit, based on the
relevancy and available resources.

m. Generating a 3D model and one or more texture maps
of 3D participant representation information of a par-
ticipant.

n. Estimating 3D participant representation information of
one or more hidden areas of a face of a participant.

0. Estimating 3D model hidden areas and one or more
hidden parts texture maps.

p. Determining a size of the avatar.

g. Receiving audio information regarding audio from the
participants and appearance information.

r. Synchronizing between the audio and the 3D participant
representation information.

s. Estimating face expressions of the participants based on
audio from the participants.

t. Estimating movements of the participants.

The receiving of the 3D participant representation infor-

mation may be done during an initialization step.

The 1mitial 3D participant representation information may
include an 1nitial 3D model and one or more 1nitial texture
maps.

The 3D participant representation information may
include a 3D model and one or more texture maps.

The 3D model may have separate parameters for shape,
pose and expression.

Each of the one or more texture maps may be selected
and/or augmented based on at least one out of shape, pose
and expression.

Each of the one or more texture maps may be selected
and/or augmented based on at least one out of shape, pose,
expression and angular relationship between a face of the
participant and an optical axis of a camera that captures an
image of face of the participant.
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The determining, for each participant, of the updated 3D
participant representation information may include at least
one of the following:

a. Using one or more neural network for determining the

updated 3D participant representation information.

b. Using multiple neural networks for determining the
updated 3D participant representation information,
wherein diflerent neural networks of the multiple neu-
ral networks may be associated with different circum-
stances.

c. Using multiple neural networks for determining the
updated 3D participant representation information,
wherein different neural networks of the multiple neu-
ral networks may be associated with different resolu-
tions.

The updated representation of the virtual 3D video con-
ference environment may include an avatar per participant
of the at least some of the multiple participants.

A direction of gaze of an avatar within the virtual 3D
video conference environment may represent a spatial rela-
tionship between a (a) direction of gaze of a participant that
may be represented by the avatar and (b) a representation of
the virtual 3D video conference environment displayed to
the participant.

The direction of gaze of an avatar within the virtual 3D
video conference environment may be agnostic to an optical
axis of a camera that captured a head of the participant.

An avatar of a participant within the updated representa-
tion of the virtual 3D video conference environment may
appear 1n the updated representation of the virtual 3D video
conference environment as being captured by a virtual
camera located on a virtual plane that crosses the eyes of the
first participant. Accordingly—the virtual camera and the
eye may be located, for example at the same height.

The updated 3D participant representation information
may be compressed.

The updated representation of the virtual 3D video con-
ference environment may be compressed.

The generating of the 3D model and one or more texture
maps may be based on images of the participant that were
acquired under different circumstances.

The different circumstances may include different view-
ing directions of a camera that acquired the images, difierent
poses, and different expressions of the participant.

The estimating of the 3D participant representation infor-
mation of one or more hidden areas may be executed by
using one or more generative adversarial networks.

The determining, for each participant, of the updated 3D
participant representation information may include at least
one out of:

a. Applying a super-resolution technique.

b. Applying noise removal.

¢. Changing an illumination condition.

d. Adding or changing wearable item 1nformation.

¢. adding or changing make up information.

The updated 3D participant representation information
may be encrypted.

The updated representation of virtual 3D video confer-
ence environment may be encrypted.

The appearance information may be about head poses and
expressions ol the participants and/or be about lip move-
ments of the participants.

The estimating face expressions of the participants based
on audio from the participants may be executed by a neural
network trained to map audio parameters to face expression
parameters.
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FIG. 2 illustrates an example of a computational environ-
ment that include users devices 4000(1)-4000(R) of users

4010(1)-4010(R). Index r ranges between 1 and R, R being

a positive integer. The r’th user device 4000(7) may be any
computerized device that may include one or more process-
ing circuit 4001(»), a memory 4002(r), a man machine
interface such as a display 4003(#), and one or more sensors
such as camera 4004(7). The r’th user 4010(r) 1s associated
with (uses) the r’th user device 4000(»). The camera may

belong to the man machine 1nterface.
The users devices 4000(1)-4000(R) and a remote com-

puterized system 4100 may communicate over one or more
networks such as network 4050. The one or more networks
may be any type ol networks—the Internet, a wired network,
a wireless network, a local area network, a global network,
and the like.

The remote computerized system may include one or
more processing circuits 4101(1), a memory 4101(2), and

may include any other component.
Any one of the users devices 4000(1)-4000(R) and a

remote computerized system 4100 may participate in the
execution of any method illustrated 1n the specification.
Participate means executing at least one step of any of said
methods.

Any processing circuit may be used—one or more net-
work processors, non-neural network processors, rendering,
engines, 1mage processors and the like.

One or more neural networks may be located at a user
device, at multiple users devices, at a computerized system
outside any of the user devices, and the like.

FI1G. 3 1llustrates an example of a computational environ-
ment that include users devices 4000(1)-4000(R) of users

4010(1)-4010(R). Index r ranges between 1 and R, R being
a positive mteger. The r’th user device 4000(») may be any
computerized device that may include one or more process-
ing circuit 4001(»), a memory 4002(r), a man machine
interface such as a display 4003(#), and one or more sensors
such as camera 4004(7). The r’th user 4010(#) 1s associated
with (uses) the r’th user device 4000(r).

The users devices 4000(1)-4000(R) may communicate
over one or more networks such as network 4050.

Any one of the users devices 4000(1)-4000(R) may
participate in the execution of any method illustrated in the
specification. Participate means executing at least one step
of any of said methods.

FIG. 4 illustrates an example of various data structures.

The data structures may include user avatars 4101(1)-4101
(/), texture maps 4102(1)-4102(k%), 3D models 4103(1)-4103

(m), 3D representations of objects 4104(1)-4104(»), and any

mapping or other data structures mentioned 1n the applica-
tion.

Any user may be associated with one or more data
structure of any type—avatar, 3D model, texture map, and
the like.

Some of the examples refer to a virtual 3D video confer-
ence environment such as a meeting room, restaurant, cafe,
concert, party, external or imaginary environment in which
the users are set. Each participant may choose or be other-
wise associated with a virtual or actual background and/or
may select or otherwise receive any virtual or actual back-
ground 1n which avatars related to at least some of the
participants are displayed. The virtual 3D video conference
environment may include one or more avatars that repre-
sents one or more of the participants. The one or more
avatars may be virtually located within the virtual 3D video
conference environment. One or more features of the virtual
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3D video conierence environment (that may or may not be
related to the avatars) may differ from one participant to
another.

Either the full body, the upper part of the body or just the
face of the users are seen 1n this environment—thus an
avatar may include full body of a participant, the upper part
of a body of the participant body or just the face of the
participant.

Within the virtual 3D video conference environment there
may be provided an improved visual interaction between
users that may emulate the visual interaction that exists
between actual users that are actually positioned near each
other. This may include creating or ceasing to have eye-
contact, expressions directed at specific users and the like.

In a video conierence call between diflerent users, each
user may be provided with a view of one or more other
users—and the system may determine (based on gaze direc-
tion and the virtual environment)—where the user looks (for
example at one of the other users—at none of the users, at
a screen showing a presentation, at a whiteboard, etc.)—and
this 1s reflected by the virtual representation (3D model) of
the user within the virtual environment—so that other users
may determine where the user i1s looking.

FIG. 5 illustrates an example of a process for amending a
direction of view of an avatar of a part of a participant
according to a direction of gaze of the participant. The upper
part of FIG. 5 1s a virtual 3D conference environment—
represented by a panoramic view 41 of five participants 51,
52, 53, 54 and 55 sitting near table 60. All participants face
the same direction—the screen.

In the lower 1mage the avatar of the fifth participant faces
the avatar of {first participant—as the fifth participant was
detected to look at the 3D model of the first participant
within the environment as presented to the fifth participant.

Tracking the user’s eyes and gaze direction may also be
used to determine the direction 1n which the user 1s looking
(direction of gaze) and at which person or object the user 1s
looking. This information can be used to rotate the avatar’s
head and eyes so that 1n the virtual space it also appears as
if the user 1s looking at the same person or object as 1n the
real world.

-

Iracking the user’s head pose and eye gaze may also be
used to control the virtual world’s appearance on the user’s
screen. For example, 1f the user looks at the right side of the
screen, the point of view of the virtual camera may move to
the right, so that the person or object at which the user 1s
looking 1s located at the center of the user’s screen.

The rendering of a user’s head, body, and hands from a
certain point of view that 1s different than the original point
of view of the camera may be done 1n different ways, as
described below:

In one embodiment, a 3D model and texture maps are
created before the beginning of the meeting and this model
1s then animated and rendered at run time according to the
user’s pose and expressions that are estimated from the
video 1mages.

A texture map 1s a 2D image 1 which each color pixel
represents the red, green and blue reflectance coeflicients of
a certain area in the 3D model. An example of a texture map
1s shown 1n FIG. 20. Each color pixel in the texture map
corresponds to certain coordinates within a specific polygon
(e.g., tnnangle) on the surface of the 3D model.

An example of a 3D model composed of triangles and the
mapping of the texture map to these triangles 1s shown in

FIG. 13.
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Generally, each pixel 1n the texture map has an index of
the triangle to which 1t 1s mapped and 3 coordinates defining,
its exact location within the triangle.

A 3D model composed of a fixed number of triangles and
vertices may be deformed as the 3D model changes. For
example, a 3D model of a face may be deformed as the face
changes 1ts expression. Nevertheless, the pixels 1n the tex-
ture map correspond to the same locations in the same
triangles, even though the 3D locations of the triangles
change as the expression of the face changes.

Texture maps may be constant or may vary as a function
of time, expression or of viewing angle. In any case, the
correspondence of a given pixel 1 a texture map and a
certain coordinate 1 a certain triangle i the 3D model
doesn’t change.

In yet another embodiment, a new view 1s created based
on a real-time 1mage obtained from a video camera and the
position of the new point of view (virtual camera).

In order to best match between the audio and the lip
movement and facial expressions, the audio and video that
1s created from the rendering of the 3D models based on the
pose and expressions parameters are synchromized. The
synchronization may be done by packaging the 3D model
parameters and the audio in one packet corresponding to the
same time frame or by adding time stamps to each of the data
sources.

To further improve the natural appearance of the rendered
model, a neural network may be trained to estimate the facial
expression coellicients based on the audio. This can be done
by training the neural network using a database of videos of
people talking and the corresponding audio of this speech.
The videos may be of the participant that should be repre-
sented by an avatar or of other people. Given enough
examples, the network learns the correspondence between
the audio (1.e. phonemes) and the corresponding face move-
ments, especially the lip movements. Such a trained network
would enable to continuously render the facial expressions
and specifically the lip movements even when the video
quality 1s low or when part of the face 1s obstructed to the
original video camera.

In yet another embodiment, a neural network can be
trained to estimate the audio sound from the lip and throat
movements or from any other facial cues, as 1s done by
proiessional lip readers. This would enable to create or
improve the quality of the audio when the audio 1s broken or
when there are background noises that reduce 1ts quality.

In yet another embodiment a neural network 1s trained to
compress audio by finding a latent vector of parameters from
which the audio can be reconstructed at a high quality. Such
a network could serve to compress audio at a lower bit rate
than possible with standard audio compression methods for
a given audio quality or obtain a higher audio quality for a
grven bit rate.

Such a network may be trained to compress the audio
signal to a fixed number of coeflicients, subject to the speech
being as similar as possible to the original speech under a
certain cost function.

The transformation of the speech to a set of parameters
may be a nonlinear function and not just a linear transior-
mation as 1s common 1n standard speech compression algo-
rithms. One example would be that the network would need
to learn and define a set of basis vectors which form a
spannming set of spoken audio.

The parameters then would be the vectonal coeflicients of
the audio as spanned by this set.

FIG. 6 illustrates method 2001.
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Method 2001 1s for conducting a 3D video conference
between multiple participants, the method may include steps
2011 and 2021.

Step 2011 may include determining, for each participant,
updated 3D participant representation information within
the virtual 3D video conference environment, that represents
participant. The determiming may be based on audio gener-
ated by the participants and appearance imnformation about
appearance of the participants.

Step 2021 may include generating, for at least one par-
ticipant, an updated representation of virtual 3D wvideo
conference environment, the updated representation of vir-
tual 3D wvideo conference environment represents the
updated 3D participant representation information for at
least some of the multiple participants. For example, any
movement by the participant may expose or collude parts of
the environment. Additionally, movements by participant
may aflect lighting 1n the room as the movements may
modily the exposure to light of different parts of the envi-
ronment.

The method may include matching between the audio
from a certain participant and appearance mformation of a
certain participant.

The appearance information may be about head poses and
expressions ol the participants.

The appearance mnformation may be about lip movements
of the participants.

Creation of 3D Models

The 3D models and texture maps of the users can be
created on the fly from a 2D or 3D video camera or can be
prepared before the beginning of the 3D video conference
call. They can also be a combination of a high-quality model
prepared before the meeting and a real-time model created
during the meeting. For example, changes 1n the appearance
of the participant relative to the high-quality model, such as
a newly grown beard, may be adjusted using information
from the on-the-fly camera. As another example, a new
texture map can be created from the video during the
meeting based on the current look of the person. However,
this texture map may include dead zones (hidden areas) due
to obstructions of areas that may be not currently seen by the
camera. Such dead zones can be filled by using a previously
created texture map.

Filling these zones 1s performed by matching landmarks
in the two texture maps using a method known as registra-
tion. Once matching 1s performed, data for the hidden areas
1s taken from the previously prepared texture map.

I1lumination corrections between the current and previous
texture maps can be calculated based on the areas that may
be shown 1n both maps. These corrections may be applied to
the current texture map, so that there may be no distinct
border line between the textures captured at different times.
In addition, in order to avoid sharp transitions between
textures from different times, a continuous blending of the
textures can be applied, e.g., by using a weighted average of
the two texture maps, where the weights change along a
transition zone between the textures. The methods men-
tioned above may be used for merging texture maps, mate-
rial maps and also 3D models.

If the video camera 1s a 2D camera, then computerized
models, such as convolutional neural networks may be used
to create a 3D model from the 2D images. These models may
be parametric models where the parameters determine the
shape, expression and pose of the face, body, and hands.
Such a model can be trained by using sets of 2D 1images and
corresponding 3D models. The corresponding 3D models
can be created 1n several ways. In the rendering process
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different illuminations can be used 1in order to make the
model robust to varying illuminations.

In another method, many 2D 1mages of real people can be
obtained and then a 3D model can be created from these
multiple 2D 1mages by using photogrammetric software. In
yet another method a depth camera that also includes an
RGB camera, such as the Kinnect camera or the Intel
RealSense camera can be used to obtain both 3D depth
models and corresponding 2D images. After traiming the
network using the methods described above, at run time 1t
may be supplied with a 2D image as an mput and the
network outputs the 3D model. The 3D model can be output
as a point cloud, a mesh or a set of parameters that describe
a 3D model 1n a given parametric space.

If the camera 1s a 3D depth camera, then the depth data
can be used to make the models more accurate and solve
ambiguities. For example, 11 one obtains only a front facing
image of a person’s head, 1t may be impossible to know the
exact depth of each point in the 1image, 1.¢. the length of the
nose. When more than one 1mage of the face from diflerent
angles exist, then such ambiguities may be solved. Never-
theless, there may remain occluded areas seen in only one
image or inaccuracies. The depth data from a depth camera
may assist in generating a 3D model with depth information
in every point that solves the ambiguity problems described
above.

If an offline 3D model creation process may be used, then
this can be done using a single 1mage, multiple 1mages, a
video, or several videos. The user may be asked to rotate the
head, hands, and body so that it may be seen from many
angles 1n order to cover all views and avoid missing areas 1n
the model.

If such areas still exist, then they may be extrapolated or
guessed from the modelled areas or by a neural network that
was trained using many examples.

Specifically, a Generative Adversarial Network (GAN)
may be trained based on many 1mages of a certain person or
on many images of multiple people to generate images of
people from angles that may be diflerent than the angle at
which the camera may be currently seeing the person.

At runtime, such a network would receive an 1mage of a
person as an mput and a camera position from which the
person should be rendered. The network would render an
image ol that person from the different camera position
including parts that may be obscured in the iput 1mage or
may be at a low resolution 1n the input image due to being
almost parallel to the camera’s line of sight (1.e. cheeks at a
frontal 1mage).

FIG. 7 shows an example of a process 100 that uses a
Generative Adversarial Network 109 complete textures in
areas that may be not seen 1n the original image. With GANSs
there may be no need to build a complete and accurate 3D
model with a full texture map and then render it.

An 1mage 101 1s mput into a neural network 103 that
outputs characteristics 105 of the image (that may include
texture parameters, expression parameters and/or shape
parameters)—ior example the neural network may expands
texture parameters into a texture map. The neural network
may also receive additional information 102 and generate
characteristics 103 also based on the additional information.

A differentiable renderer 107 may renders an 1mage 108
from the texture map, expression and shape parameters. This
image may have missing parts due to occlusions of parts of
the head that were not seen 1n the original input 1mage. A
Generative Adversarial Network 109 (GAN) may complete
the rendered image into a full image 110 without any
missing parts.
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A generative Adversarial Network (GAN) may also be
used 1n order to correct illumination in the texture map of the
model, for example 1 cases where the user’s face may be
not 1lluminated uniformly, e.g. there exists a strong 1llumi-
nation from a window at the side of the face or from a spot
projector above the user’s head.

GAN networks may also be used to correct the 3D model,
¢.g. create ears that may be not properly seen 1n the images,
for example, due to obstruction by the cheeks or by harir.

The user may also be requested to pose or do different
facial expressions so that a comprehensive model of poses
and expressions can be created. Examples of such poses and
expressions may be smiling, frowning, opening and closing
the mouth and eves.

The 3D model may have separate parameters for shape,
pose and expression. The shape parameters may depend only
on the specific person and may be independent of the pose
and expression. Therefore, they remain constant even when
a person moves his head and talks or makes various facial
expressions. Therefore, during the modelling process of a
certain person, the expression and pose of the person being
modelled do not have to be static or frozen during the
capturing of the video or images that may be used to create
the 3D model. Since the shape of the 3D model 1s considered
to be static, there 1s no need to use a 3D camera or a set of
2D cameras which would otherwise be needed to create a 3D
model. This relieves the requirement to use several multi-
view cameras that may be temporally synchronized. All the
models created from multiple 1mages may be merged into
one 3D model or into several diflerent models that vary with
the expression or 1llumination conditions, but all have com-
mon shape parameters.

During the real time rendering process, the closest model
or models in terms of viewing angle or 1llumination may be
chosen as a starting point for the model transformation and
rendering process.

For example, 11 different models that refer to viewing
angles of 0, 10, 20, 30 and 40 degrees are available, and at
a given moment the user wants to view a model at a 32
degrees angle, then the model corresponding to 30 degrees
viewing angle may be chosen as a starting point for the
model transformation.

Furthermore, several such models may be mterpolated or
extrapolated to obtain a model at a state that may be not part
of the pre-recorded states.

During the process of creating the 3D avatar, the 3D
model and the 2D texture maps, the quality of the 3D model
that may be created may be evaluated by projecting 1t onto
two dimensional images from diflerent angles using a simple
linear geometrical projection or a more complex model of a
camera that includes optical distortions. The projections of
the 3D model to 2D 1mages may be compared to the images
grabbed by the camera or cameras. In doing so, 1t may be
useful to model the camera that may be used to grab the
images so that the geometrical distortions of the camera may
be modelled 1n the projection process. The modelling may
include, but may be not limited to modelling the focal length
of the camera, the pixel size, the total Field of View,
nonlinear geometrical distortions such as a barrel or pin-
cushion distortion or any other distortions of optics and
especially for cameras with a wide field of view such as a
fisheye camera.

The modelling may also include modelling blurring due to
the optics and color distortions. The projections of the 3D
model can be compared to the grabbed 2D 1mages in order
to verity that the 3D geometrical structure may be accurate
and also that the retlection maps may be accurate.
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Several methods may be used to compare the projections
and the grabbed 1mages such as:

a. Comparing the location of facial landmarks such as the
corners of the eyes and lips, the tip and edges of the
nose and the edges of the cheeks and chin, that may be
found 1n the 1mage pairs.

b. Comparing the location of silhouettes.

¢. Comparing the location of corners and lines detected in
both 1mages.

d. Comparing the grey levels of the two 1mages.

Any differences that may be found may be used to update
the 3D model and the reflectance maps 1n a manner that
reduces the differences between the projected images and
the grabbed 1images. For example, 1f it may be found that the
corner of an eye may be positioned too far to the left in the
projection of the 3D model compared to its location 1n a
grabbed 2D 1mage, then the model can be revised so that the
location of the comer of the eye will move to the right 1n
order to reduce the error between the location of that
landmark 1n the projection and grabbed 1mages.

This can be done by changing the location of 3D points in
a 3D mesh or by changing the parameters 1n a parametric
model that affect the location of that landmark.

This process may be used to reduce the errors in the
rendered and grabbed images and thus improve the quality
of the models that may be created.

Specifically, 1t may be useful to project images at different
angles such as 0, 45 and 90 degrees 1n order to capture any
geometrical or grey level diflerences between the model and
the grabbed 1mages.

The quality of the 3D model and the texture maps may be
analysed during or after the process of the creation of the
avatar and specifically inspected to verity that all or some of
the following cases may be covered:

a. There may be no obscured areas in the facial, body or
hands models.

b. All relevant expressions may be covered.

c. Both open and closed eyes may be modelled.

d. Both closed and open mouths with teeth showing may be
covered.

¢. There may be no areas with low resolution due to 1maging
of a facial structure that may be nearly parallel to the line of
sight, e.g. 1imaging the cheeks from a front view.

t. The 1llumination may be appropriate and there may be no
areas that may be too dark or too bright and saturated.

g. There may be no areas that may be too noisy.

The model may be not sigmificantly different from the
current appearance of the user in the video 1mages, e¢.g. due
to shaving or adding a beard or changing hairstyles.

In case the mspection process discovers that there may be
missing information, the user may be requested to add
additional photos or video sequences 1n order to complete
the missing information.

Before the beginning of a call between users, but after the
user’s camera has started to grab images of the user, the 3D
model and texture maps may be enhanced to reflect the new
appearance ol the user as seen at that moment.

Information from a previously created model and texture
map may be merged with updated information obtained
betfore the start of the meeting or during the meeting. For
example new information regarding the illumination of the
person’s body and face, the user’s hair, shaving, makeup,
clothes, etc. may be used to update the 3D model and texture
maps. Areas that were not seen before such as the top of the
head or bottom of the chin or other parts of the body that
may be seen before or during the session may also be used
to update the 3D model or texture maps.
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The new information may be used to replace previous
information, may be averaged with previous information, or
otherwise merged with previous information.

In order to scale the 3D model, 1.e., know 1its exact
dimensions from a 2D camera where the camera parameters
may be unknown and the range to the modelled object may
be unknown, several methods may be used. For example:
a. Using an object of known size that may be placed next to
the object, e.g., place a credit card on the forehead of the
user. Such objects can include but may be not limited to
credit cards, driver’s license, bills, coins, rulers, etc. In such
cases a classification method may classity the object used
and determine 1ts size from a database. For example, a
method may detect a bill as originating from one of multiple
countries and/or denominations, recognize it and obtain 1ts
s1ze from a database. Similarly, a method may detect a ruler
and determine 1ts size from the readings on the ruler.

b. Asking the user to specily his/her height. The height of the

face may be known to be approximately 13% of the height
of an adult. This may be an accurate enough approximation
for the requirements of many applications. In addition, 1t
may be known that children and babies have different body
proportions. For babies, the height of the face may be known
to be approximately 25% of its height. The size of the face
may be a nonlinear function of the height, e.g., 25% of the
height for people who may be 60 cm high, 20% of the height
for people that may be 100 cm high and 13% of the height
for people that may be 150 cm or higher.

The 3D model of the user may include, but may be not
limited to:

a. A parametric model of the face and body 1.e. shape,
expression and pose.

b. A high frequency depth map detailing such fine details as
wrinkles, skin moles, etc.

c. A reflectance map detailing the color of each part of the
face or body. Multiple reflectance maps may be used to
model the change of appearance from diflerent angles.

d. An optional material map detailing the material from
which each polygon may be made, e.g. skin, hair, cloth,
plastic, metal, etc.

¢. An optional semantic map listing what part of the body
cach part in the 3D model or reflectance map represents.
f. These models and maps may be created before the
meeting, during the meeting or may be a combination or
models created before and during the meeting.

The user’s model may be stored on the user’s computer,
phone or other device. It may also be transmitted to the cloud
or to other users, possibly 1n an encrypted manner 1n order
to preserve the user’s privacy.

FIG. 6 may also 1illustrate method 90 for generating and
using a parametric model.

Method 90 may include steps 92, 94, 96 and 98.

Step 92 may include generating, by a user device, a 3D
model related to a user, the 3D model may be a parametric
model.

Step 94 may include sending the parameters of the 3D
model to a computerized system.

Step 96 may 1include monitoring each participant by a user
device of the participant, during the conference call, updat-
ing parameters of 3D model of each participant accordingly
and sending updated parameters (sending may be subjected
to communication parameters).

Step 98 may include receiving by a user device of each
participant updated parameters of 3D models related to other
participants and updating the display accordingly to reflect
the changes to the model.
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FIG. 6 also illustrates method 1800 for generating a 3D
visual representation of a sensed object that may be three
dimensional.

Method 1800 may include steps 1810, 1820 and 1830.

Step 1810 may include obtaining at least one 3D visual
representation parameter, the visual representation param-
cters may be selected out of a size parameter, a resolution
parameter, and a resource consumption parameter.

Step 1820 may include obtaining object information that
represents the sensed object; and selecting, based on the at
least one parameter, a neural network for generating the
visual representation of the sensed object. For example, the
information that represents the sensed object may be the
viewing angle of the object.

Steps 1810 and 1820 may be followed by step 1830 of
generating the 3D visual representation of the 3D object by
the selected neural network.

Step 1830 may include at least one out of:

a. Generating a 3D model of the 3D object and at least one

2D texture map of the 3D object.

b. Further processing the 3D model and the 2D texture
map during a rendering process of at least one rendered
image.

The generating may be executed by a first computerized
unit, wherein the generating may be followed by sending the
3D model and the at least one 2D texture map to a second
computerized unit configured to render at least one rendered
image based on the 3D model and the at least one 2D texture
map.

The 3D object may be a participant of a 3D wvideo
conierence.

The method may include outputting the 3D visual repre-
sentation from the selected set of neural network outputs.

The 3D object may be a participant of a 3D wvideo
conference.

Super Resolution and Performing Touch-Ups on a 3D
Model.

In order to enhance the resolution of the 3D model, super
resolution techniques may be used. The super-resolution
technique 1s used to enhance the resolution of the 3D model
or the deformable texture map of the 3D model. For
example, several 1mages of the model with some translation
or rotation between them may be used 1n order to create a
orid at a higher resolution than the grid that can be created
from a single 1mage. Note that the color values of the model
may be related to polygons in a 3D mesh or to pixels in a 2D
texture map.

This process may be done using a recursive process. At
the first stage a 3D model and a texture map that are an
up-sampled interpolation of the low-resolution model and
texture map are used as an 1nitial guess. These 3D model and
texture map have more vertices and pixels than in the
original 3D model and texture map but do not include more
details. The up-sampled model and texture map are then
used to render an 1mage of the textured model from a
viewpoint that 1s similar to that of the camera.

The rendered 1mage 1s compared to the 2D 1mage that was
taken with the camera.

The comparison may be performed by, but not limited to,
subtraction of the two 1images or by subtraction after global
alignment of the image or by subtraction after a local
alignment of areas 1n the images. The result of the compari-
son, which 1s a difference 1mage obtained by this process,
includes details from the original camera 1mage that do not
exist 1n the rendered 1image. The differences may be used as
a feedback to enhance the resolution of the nitial 3D model
and texture map.
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The enhancement may be done by, but not limited to,
adding the difference 1mage to the initial guess 1n order to
get a new guess with more details. The new 3D model and
texture map may be again rendered to obtain a second
rendered i1mage that 1s compared to the original camera
image to create a second difference 1image that may be used
as feedback for enhancing the resolution of the 3D model
and texture map.

r

T'his process may be repeated a given number of times or
until a certain criterion 1s met, e.g., the difference between
the actual camera 1mage and the rendered 1mage 1s below a
certain threshold. The process 1s repeated where the com-
parison of the rendered textured 3D model 1s performed with
several camera 1images from a set of 1images, such as from a
video sequence. Since there may be many images in the
image set or video, at each image the 3D model and texture
map may be sampled by the camera at diflerent positions.

Hence, the process can create a 3D model and texture map
that 1s based on an effectively higher sampling rate than 1s
available from a single 1image. As a result of this process, a
3D model with more vertices and a texture map with more
pixels are created and these 3D model and texture map
exhibit high resolution details that are not apparent 1n the
original low resolution 3D model and texture map.

Multiple 1mages of the face and body may also be
acquired from the same or different angles 1n order to
average these 1mages and by this means to improve the
signal to noise ratio, 1.e., create a model with a lower level
of pixel noise. This may be especially useful 1t the 1mages
may be acquired at low illumination conditions and the
resulting 1mages may be noisy.

Super resolution techniques based on learning methods
may also be applied. In such schemes a machine learming
method such as a Convolutional Neural Network may be
trained based on pairs of high resolution and low-resolution
images or 3D models, so that the correspondence between
low- and high-resolution 1images or models may be learned.
During the rendering process, the method receives a low-
resolution 1mage or model as mput and outputs a corre-
sponding high-resolution image or model. These types of
methods may be especially useful for generating sharp edges
at the transition between diflerent facial organs, such as
sharp edges along the eyes or the eyebrows.

Note that the transformation from low to high resolution
may be performed based on a single image or multiple
images and that 1t may be performed in the process of
creating a 3D model, a texture map or when rendering the
final 1mage that may be presented to the user.

Reducing the random noise 1n the 3D model and the 2D
texture maps may also be performed using denoising meth-
ods. Such methods may include linear filtering techniques,
but preferably nonlinear, edge-preserving techniques, such
as a bilateral filter, anisotropic diffusion or convolutional
neural networks, that reduce random noise while preserving
edges and fine details in the image of the 3D model.

The user’s appearance may be altered and improved by
mampulating the resulting 3D model or the reflectance
maps. For example, different kinds of touch-ups may be
applied such as removing skin wrinkles, applying makeup,
stretching the face, lip filling or changing the eyes’ color.

The shape of the user’s body may also be altered, and the
user’s clothes may be changed from the real clothes to other
clothes according to the user’s wish. Accessories such as
carrings, glasses, hats, etc. may also be added to the user’s
model.

Alternatively objects such as glasses or headphones may
be removed from the user’s model.
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Communications System Based on the 3D Models.

During the communication session, 1.€., a 3D video con-
terence call between several users, a 2D or 3D camera (or
several cameras) grabs videos of the users. From these
videos a 3D model (for example—the best fitting 3D model) 5
of the user may be created at a high frequency, e.g., at a
frame rate of 15 to 120 1ps.

Temporal filters or temporal constraints in the neural
network may be used to assure a smooth transition between
the parameters of the model corresponding to the video 10
frames 1n order to create a smooth temporal reconstruction
and avoid jerkiness of the result.

The real-time parametric model together with the reflec-
tance map and other maps may be used to render a visual
representation of the face and body that may be very close 15
to the original 1image of the face and body in the video.

Since this may be a parametric model, it may be repre-
sented by a small number of parameters. Typically, less than
300 parameters may be used to create a high-quality model
of the face including each person’s shape, expression and 20
pose.

These parameters may be further compressed using quan-
tization and entropy coding such as a Huflman or arithmetic
coder.

The parameters may be ordered according to their impor- 25
tance and the number of parameters that may be transmitted
and the number of bits per parameter may vary according to
the available bandwidth.

In addition, instead of coding the parameters’ values, the
differences of these values between consecutive video 30
frames may be coded.

The model’s parameters may be transmitted to all other
user devices directly or to a central server. This may save a
lot of bandwidth as 1nstead of sending the entire model of the
actual high-quality image during the entire conference 35
call—much fewer bits representing the parameters may be
transmitted. This may also guarantee a high quality of the
video conference call, even when the current available
bandwidth may be low.

Transmitting the model parameters directly to the other 40
users 1nstead of via a central server may reduce the latency
by about 50%.

The other user devices may reconstruct the appearance of
the other users from the 3D model parameters and the
corresponding reflectance maps. Since the reflectance maps, 45
representing such things as a person’s skin color change
very slowly, they may be transmitted only once at the
beginning of the session or at a low updating frequency
according to changes that occur 1n these reflectance maps.

In addition, the retlectance maps and other maps may be 50
updated only partially, e.g., according to the areas that have
changed or according to semantic maps representing body
parts. For example, the face may be updated but the hair or
body that may be less important for reconstructing emotions
may not be updated or may be updated at a lower frequency. 55

In some cases, the bandwidth available for transmission
may be limited. Under such conditions, 1t may be useful to
order the parameters to transmit according to some priori-
tization and then transmit the parameters 1n this order as the
available bandwidth allows. This ordering may be done 60
according to their contribution to the visual perception of a
realistic video. For example, parameters related to the eyes
and lips may have higher perceptual importance than those
related to cheeks or hair. This approach would allow for a
graceful degradation of the reconstructed video. 65

The model parameters, video pixels that may be not
modelled and audio may be all synchronized.
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As a result, the total bandwidth consumed by the trans-
mission of the 3D model parameters may be several hundred
bits per second and much lower than the 100 kbps-3 Mbps
that may be typically used for video compression.

A parametric model of the user’s speech may also be used
to compress the user’s speech beyond what may be possible
with a generic speech compression method. This would
turther reduce the required bandwidth required for video and
audio conferencing. For example, a neural network may be
used to compress the speech 1nto a limited set of parameters
from which the speech can be reconstructed. The neural
network 1s trained so that the resulting decompressed speech
1s closest to the original speech under a specific cost func-
tion. The neural network may be a nonlinear function, unlike
linear transformations used 1n common speech compression

algorithms.

The transmission of bits for reconstructing the video and
audio at the recerving end may be prioritized so that the most
important bits may be transmitted or receive a higher quality
of service. This may include but may not be limited to
prioritizing audio over video, prioritizing of the model
parameters over texture maps, prioritizing certain areas of
the body or face over others, such as prioritizing information
relevant to the lips and eyes of the user.

An optimization method may determine the allocation of
bitrate or quality of service to audio, 3D model parameters,
texture maps or pixels or coellicients that may be not part of
the model 1n order to ensure an overall optimal experience.
For example, as the bitrate 1s reduced, the optimization
algorithm may decide to reduce the resolution or update
frequency of the 3D model and ensure a minimal quality of
the audio signal.

Encryption and Security of a 3D Model

A user’s 3D model and corresponding texture maps may
be saved on a user’s device, a server on the cloud or on other
users’ devices. These models and texture maps may be
encrypted 1n order to secure the personal data of the user.
Betfore a call between several users, a user’s device may
request access to other users” 3D models and texture maps
so that the device will be able to render the models of the
other users based on their 3D geometry.

This process may 1include exchange of encryption keys at
a high frequency, e.g., once every second, so that after the
call ends, users will not be able to access other users’ 3D
models and texture maps or any other personal data.

A user will be able to determine which other users may
have access to his/her 3D model and texture maps or any
other personal data.

Furthermore, a user may be able to delete personal data
that may be saved on the user’s device, a remote computer,
or other users’ devices.

The 3D model and texture maps of a user that may be
stored on the user’s device or on a central computer may be
used to authenticate that the person 1n front of the 2D or 3D
camera may indeed be the user, and this may save the need
to log 1n to the system or service with a password.

Another security measure may mvolve protecting access
and usage (for example a display of the avatar during the 3D
video conference) one or more avatars of one or more
participant—this can be done by applying a Digital Rights
Management method which enables the access and usage of
avatar (or avatars)—or by using any other authentication-
based access control to the access and/or usage of the avatar.
The authentication may occur multiple times during a 3D
video conference. The authentication may be based on
biometrics, may require a password, may 1include face
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identification methods based on either 2D 1mages, 2D videos
(with motion) or based on 3D {features.

Parallax Correction, Eye-Contact Creation and 3D .
Based on a 3D Model.

The mentioned below correction may correct any devia-
tions between the actual optical axis of the camera and a
desired optical axis of a virtual camera. While some of the
example refer to the height of the virtual camera, any of the
following may also refer to the lateral location of the
camera—ior example positioning the virtual camera at the
center of the display (both height and lateral location,
positioning the virtual camera to have a virtual optical axis
that 1s directed to the eyes of a participant (for example via
a virtual optical axis that may be perpendicular to the display
or have any other spatial relationship with the display).

Assuming that a certain user 1s imaged by a camera of the
user—the other user devices may reconstruct the 3D model
of that user from diflerent angles than the angle that in which
the original video (of the user) was grabbed by the camera.

For example, 1n many video conferencing situations, the
video camera may be placed above or below the user’s eye
level. When a first user looks at the eyes of a second user as
they are presented on the first user’s screen, the first user
does not look directly into the camera. Therefore, the image
as captured by the camera and as presented to other users,
would show the first user’s eyes as gazing downwards or
upwards (depending on the location and optical axis of the
camera).

By rendering the 3D model from a point directly ahead of
the user’s gaze, the resulting 1mage of the user may seem to
look directly at the eyes of the other user.

FIG. 8 illustrates an example of a parallax correction.
Image 21' may be the image acquired by a camera 162 while
the camera 162 1s located on top of display 161 and has an
actual optical axis 163 (directed towards a downright direc-
tion) and actual field of view 163 that may be directed
towards {ifth participant 35.

The corrected 1mage 22' may be virtually acquired by a
virtual camera 162' having a virtual optical axis 163' and a
virtual field of view 163' the virtual camera may be located
at the point of the screen at the height of the eyes and directly
in front of the fifth participant 155.

A face location tracker may track the location of viewer’s
tace and change the rendering point of view accordingly. For
example, 1 the viewer moves to the right, he/she may see
more of the left side of the opposite person and 11 he/she
moves to the left, he/she may see more of the right side of
the opposite person.

This may create a 3D sensation of viewing a 3-dimen-
sional person or object, even while using a 2D screen.

FI1G. 9 illustrates an example of a 3D illusion created by
a 2D device. The image acquired by the camera (and the
tracker’s FOV) may be denoted 35 and various virtual
images may be denoted 31, 32 and 33.

This may be obtained by modifying the rendered image
according to movements of the viewer and the viewer’s
eyes, thus creating a 3D etflect. In order to do this, an 1mage
of the viewer 1s acquired by a camera such as a webcam.

A face detection algorithm detects and tracks the face
within the 1mage. Additionally, the eyes of the viewer are
detected and tracked within the face. As the face of the
viewer moves, the algorithm detects the location of the eyes
and calculates their position 1 a 3D world. A 3D environ-
ment 1s rendered from a virtual camera according to the
location of the viewer’s eyes.

If the rendered 1image 1s presented on a 2D screen, then
only one 1mage 1s rendered. This image of the 3D environ-

ftects

(L]

10

15

20

25

30

35

40

45

50

55

60

65

20

ment may be rendered from the point of view of a camera
that 1s positioned 1n between the eyes of the viewer.

If the viewer uses a 3D display such as a 3D display or a
virtual reality (VR) headset or glasses, then two images
corresponding to the viewpoint of the right and left eyes may
be generated to create a stereoscopic 1mage.

FIG. 10 1llustrates an example of two stereoscopic 1images
(denoted 38 and 39) presented on a 3D screen or VR headset.

Some 3D displays such as auto-stereoscopic displays do
not require glasses to present a 3D immage. In such 3D
displays the different 1images may be projected at different
angles, e¢.g., using lenticular arrays, so that each eye views
a different 1mage. Some auto-stereoscopic displays, such as
the Alioscopy Glasses-Free 3D Displays project more than
2 1images at different angles, and up to 8 different 1mages 1n
the case of some Alioscopy displays. If using such a display,
more than two 1mages may be rendered to create the 3D
cllect on the screen. This brings a significant improvement
over traditional 2D video conferencing systems in creating
a more realistic and intimate sensation.

To enhance the 3D sensation, 3D audio can also be used.
For each user, his/her location 1in the virtual 3D setting
relative to all other users may be known. A stereophonic
signal of each user’s speech can be created from a mono-
phonic audio signal by creating a delay between the audio
signals for the right and left ears according to the relative
position of the audio source. In such a manner, each user gets
a sensation of the direction from which the sound originated
and therefore who may be talking.

Furthermore, the images of the face of the users and
specifically their lips may be used to perform lip reading.

Analysis of consecutive images of lips can detect move-
ment of the lips. Such movement can be analyzed, for
example, by a neural network that 1s trained to detect when
lip movement 1s associated with talking. As input for the
training phase, it 1s possible to have a sound analyzer or a
human being tag mput video sequences as having human
sound. If the person 1s not talking, then the system may
automatically mute that user and thus reduce background
noise that may be coming from the environment of the user.

The lip reading may also be used to know which sounds
may be expected to be produced by the user. This may be
used to filter external noise that does not correlate with those
expected sounds, 1.e. not i the expected frequency range,
and use this to filter background noise when the user may be
talking.

Lip reading may also be used to assist 1in the transcription
of conversations that may be carried on the system 1n
addition to speech recognition methods that may be based
only on audio.

This can be performed, for example by a neural network.
The network 1s trained using video sequences of people
speaking and associated text that was spoken during the
sequences. The neural networks can be Recurrent Neural
Networks, with or without LSTM or any other type of neural
network. A method that may be based both on the audio and
the video may result 1n 1improved speech recognition per-
formance.

A face, body, and hands may be modelled using a limited
number of parameters as explained above.

However, in real world video conferencing not all the
pixels 1n the 1mage correspond to the model of the face, body
and hands. Objects that may be not part of the body may
appear 1n the 1image.

As an example, a person speaking 1n a conference may be
holding an object that 1s significant to the specific conier-
ence call or may not be significant at all. The speaker may
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be holding a pen which has no significance to the meeting or
a diagram which 1s very significant to the meeting. To
transmit these objects to the other viewers, they may be
recognized and modelled as 3D objects. The model may be
transmitted to the other users for reconstruction.

Some parts of the video 1mage may not be modelled as 3D
objects and may be transmitted to the other users as pixel
values, DCT coethicients, wavelet coeflicients, wavelet zero-
trees or any other eflicient method for transmitting these
values. Examples include flat objects placed in the back-
ground such as a white board or a picture on a wall.

The video image and the model of the user may be
compared, for example, but not limited to subtracting the
rendered 1image of the model and the video 1mage. This 1s
done by rendering the model as if 1t was taken from the exact
location of the actual camera. With perfect model and
rendering the rendered image and the video 1image should be
identical. The difference image may be segmented to areas
in which the model accurately enough estimates the video
image and areas 1 which the model may be not accurate
enough or does not exist. All the areas that may be not
modelled accurately enough may be transmitted separately
as described above.

Under some circumstance, the system may decide that
some objects viewed would not be modelled as mentioned
above. In these cases the system may decide to transmit to
viewers a video stream that would include at least some of
the non-modelled parts and then the 3D models that exist
would be rendered on top of the transmitted video 1n their
respective locations.

The users may be provided with one or more views of the
virtual 3D video conference environment—whereas the user
may or may not select the field of view—tor example, a field
of view that includes all of the other users or only one or
some of the users, and/or may select or may view one or
some objects of the virtual 3D video conference environ-
ment such as TV screens, whiteboards, etc.

When combining the video pixels and the rendered 3D
models, the areas corresponding to the model, the areas
corresponding to the video pixels or both may be processed
so that the combination may appear natural and a seam
between the different areas would not be apparent. This may
include but may be not limited to relighting, blurring,
sharpening, denoising or adding noise to one or some of the
image components so that the whole 1mage appears to
originate from one source.

Each user may use a curved screen or a combination of
physical screens to that the user 1n effect can see a panoramic
image showing a 180 or 360 degree view (or any other
angular range view) of the virtual 3D video conference
environment and/or a narrow field of view 1mage focusing
on part of the virtual 3D video conference environment such
as a few people, one person, only part of a person, 1.e. the
person’s face, a screen or a whiteboard or any one or more
parts of the virtual 3D video conference environment.

The user will be able to control the part or parts of the
narrow field of view 1mage or 1mages by using a mouse, a
keyboard, a touch pad or a joystick or any other device that
allows to pan and zoom 1n or out of an 1mage.

The user may be able to focus on a certain area in the
virtual 3D wvideo conference environment (for example a
panoramic 1mage of the virtual 3D video conference envi-
ronment) by clicking on the appropriate part in the pan-
oramic 1mage.

FI1G. 11 1llustrates an example of a panoramic view 41 of
the virtual 3D video conference environment populated by
five participants and a partial view 42 of the some of the
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participants within the virtual 3D video conference environ-
ment. FIG. 11 also 1llustrates a hybrid view 43 that includes
a panoramic view (or a partial view) and expanded images
of faces of some of the participants.

The user may be able to pan or zoom using head, eyes,
hands, or body gestures. For example, by looking at the right
or left part of the screen, the focus area may move to the left
or right, so 1t appears at the center of the screen, and by
leaming forward or backwards the focus area may zoom 1n or
out.

The 3D model of the person’s body may also assist 1n
correctly segmenting the body and the background. In
addition to the model of the body, the segmentation method
will learn what objects may be connected to the body, e.g.,
a person may be holding a phone, pen or paper in front of
the camera. These objects will be segmented together with
the person and added to the image 1n the virtual environ-
ment, either by using a model of that object or by transmut-
ting the image of the object based on a pixel level repre-
sentation. This may be in contrast to existing virtual
background methods that may be employed 1n existing video
conferencing solutions that may not show objects held by
users as these objects are not segmented together with the
person but rather as part of the background that has to be
replaced by the virtual background.

Segmentation methods typically use some metric that
needs to be exceeded 1n order for pixels to be considered as
belonging to the same segment. However, the segmentation
method may also use other approaches, such as Fuzzy Logic,
where the segmentation method only outputs a probability
that pixels belong to the same segment. If the method detects
an area of pixels with a probability that makes 1t unclear 1f
it and 1t 1s not sure whether the area should be segmented as
part of the foreground or background, the user may be asked
how to segment this area.

As part of the segmentation process, objects such as
carphones, cables connected to the earphones, microphones,
3D glasses or VR headsets may be detected by a method.
These objects may be removed 1n the modelling and ren-
dering processes so that the image viewed by viewers does
not include these objects. The option to show or eliminate
such objects may be selected by users or may be determined
in any other manner—for example based on selection pre-
viously made by the user, by other users, and the like.

I1 the method detects more than one person 1n the 1image,
it may ask the user whether to include that person or people
in the foreground and 1n the virtual 3D video conference
environment or whether to segment them out of the image
and outside of the virtual 3D video conference environment.

In addition to using the shape or geometrical features of
objects 1n order to decide whether they may be part of the
foreground or background, the method may also be assisted
by knowledge about the temporal changes of the brightness
and color of these objects. Objects that do not move or
change have a higher probability of being part of the
background, e.g., part of the room 1n which the user may be
sitting, while areas where motion or temporal changes may
be detected may be considered to have a higher probability
of belonging to the foreground. For example, a standing
lamp would not be seen as moving at all and 1t would be
considered part of the background. A dog walking around
the room would be in motion and considered part of the
foreground, In some cases periodic repetitive changes or
motion may be detected, for example where a fan rotates,
and these areas may be considered to have a higher prob-
ability of belonging to the background.
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The system will learn the preferences of the user and use
the feedback regarding which objects, textures or pixels may
be part of the foreground and which may be part of the
background and use this knowledge in order to improve the
segmentation process 1n the future. A learning method such
as a Convolutional Neural Network or other machine leamn-
ing method may learn what objects may be typically chosen
by users as parts of the foreground and what objects may be
typically chosen by users as part of the background and use
this knowledge to improve the segmentation method.

Automatic Exposure Control for Digital Still and Video
Cameras

The segmentation of the user’s face and body from the
background may assist in setting the user’s camera’s expo-
sure time so that the exposure may be optimal for the face
and body of the user and may be not aflected by bright or
dark areas in the background.

Specifically, the exposure may be set according to the
brightness of the user’s face, so that the face may be neither
too dark nor too bright and saturated.

In determining the correct exposure for a face that may be
detected, there may be a challenge of knowing the actual
brightness of the person’s skin. It may be preferable not to
over-expose the skin of people with naturally dark skins (see
image 111 of FIG. 12) and turn them 1nto fair-skinned faces
in the over-exposed image—see 1mage 112 of FIG. 12.

In order not to over-expose 1mages ol people with dark
skin, the auto-exposure method may set the exposure
according to the brightness level of the white of the eyes or
the teeth of the user. The exposure of the camera may vary
slowly and not change abruptly form frame to frame using
some temporal filtering. Such a method would ensure that
the resulting video may be not jittery. Furthermore, such a
method may allow to set the exposure based on the bright-
ness level of the eyes or teeth even when the eyes or teeth
appear 1n some Iframes and are not appear in several other
frames.

The detection of the face, eyes or teeth may be based on
the 3D model and texture maps, on a method that detects
these parts of the body or on a tracking method. Such
methods may include algorithms such as the Viola Jones
algorithm or neural networks that were trained to detect
faces and specific facial parts. Alternatively, a fitting of the
2D 1mage to a 3D model of the face may be performed,
where the location of all the facial parts 1n the 3D model 1s
known betforehand.

In another embodiment, the correct darkness of the skin
can be estimated 1n a Hue, Saturation and Brightness color
coordinate system. In such a coordinate system, the Hue and
Saturation do not change as a function of the exposure and
only the Brightness coordinate changes. It has been found
that a correspondence can be found between the Hue and
Saturation values of people 1n adequate exposures and the
respective Brightness values of their skin. For example,
pinkish skin tints correspond to fair-skinned faces and
brownish tints correspond to dark skins—see for example
images 121-126 of FIG. 12.

In yet another embodiment, a neural network such as a
Convolutional Neural Network or any other network can be
trained to 1dentily the correspondence between the shape of
the face and other attributes of the face and the skin
brightness. Then at run time, 1mages of a face at various
exposures can be analysed independently of the chosen
exposure and the detected attributes can be used to estimate
the correct brightness of the skin which may be then used to
determine the exposure of the camera that results 1n such a
skin brightness.

10

15

20

25

30

35

40

45

50

55

60

65

24

A neural network may be trained to find this relation-
function or correlation between the Hue and Saturation of
the skin and the respective Brightness 1n properly exposed
images. At the inference stage, the neural network would
suggest the appropriate exposure for a picture based on the
Hue and Saturation of the skin 1n an image that is not
necessarily at the optimal exposure, e.g., 1s too bright or too
dark. This calculated exposure may be used to grab an
appropriately exposed image that 1s neither too dark nor too

bright.

In yet another embodiment, users of a photographic
device such as a mobile phone, professional camera, or
webcam may be asked once to take a photo of themselves or
other people with a white paper or other calibration object
for reference. This calibration process may be used to
determine the correct hue, saturation and brightness values
of the skin of those people. Then at run time, a computation
device can run a method that recognizes the given person
and adjusts the exposure and white balance so that the
person’s skin corresponds to the correct skin color as found
in the initial calibration process.

Performing Calculations on the Cloud

The processing of this system may be performed on the
user’s device such as a computer, a phone or a tablet or on
a remote computer such as a server on the cloud. The
computations may also be divided and/or shared between the
user’s device and a remote computer, or they may be
performed on the user’s device for users with appropriate
hardware and on the cloud (or 1n any other computation
environment) for other users.

The estimation of the body and head parameters may be
done based on compressed or uncompressed 1mages. Spe-
cifically, they can be performed on compressed video on a
remote computer such as a central computer on the cloud or
another user’s device. This would allow normal video con-
ferencing systems to send compressed video to the cloud or
another user’s computer where all the modelling, rendering
and processing would be performed.

Using Multiple Screens and Channels to Present Infor-
mation 1 a Video Conferencing Application and Methods
for Increasing the Efliciency of Meetings

The virtual meeting may appear to take place i any
virtual environment such as a room, any other closed envi-
ronment, or in any open environment. Such an environment
may include one or more screens, whiteboards or tlipcharts
for presenting information. Such screens may appear and
disappear, may be moved, enlarged and reduced in size
according to the users” desire.

Multiple participants may share their screen (or any other
content) to more than one screen. This means that multiple
sources of information may be viewed simultaneously.

Materials for sharing or presentation may be pre-loaded to
such screens or to a repository before the meeting begins for
casy access during the meeting.

One possible method of presenting the different materials
1s by transmitting them over dedicated streams—one for
cach presented material. In this setting, streams may be
assigned to viewers based on many criteria. For example, a
stream may be assigned specifically to one or more viewers.
Alternatively, streams may be assigned according to topics
or other considerations. In such cases, the viewed stream
may be selected by each viewer. This can be quickly done by
using the keyboard, the mouse or any other device. Such
selection may be much faster than the common practice of
sharing one’s content which currently may require request-
ing permission to share a screen from the meeting’s man-
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ager, receiving such permission, clicking a “screen share”
button and selecting the relevant window to share.

Such “screen sharing” processes may take (for example)
up to a minute. In various applications “‘screen sharing” may
be repeated many times by many different participants that
present their material and a lot of valuable time may be lost.
The suggested solution may reduce the duration to several
seconds.

In some 1nstances, not all the participants in a meeting or
the screens or other interesting objects in the 3D wvirtual
environment may appear concurrently on the viewer’s
screen. This might happen, for example, 11 the field of view
of the screen 1s smaller than a field of view needed to view
all the participants. In such a case 1t may be necessary to
move the field of view of a viewing user to the right, lett,
forwards, backwards, up or down 1n order to change the
point of view and see diflerent participants or objects. This
can be achieved by different means, such as but not limited
to:

a. Using the keyboard arrows or other keys to pan and tilt

the viewpoint or to zoom 1n and out.

b. Using the mouse or other keys to pan and tilt the
viewpoint or to zoom 1n and out.

c. Using a method that tracks the user’s head position or
eye gaze direction or a combination of both to pan and
t1lt the viewpoint or to zoom 1n and out. The mput to the
method can be a video of the user from a webcam or
any other 2D or 3D camera or any other sensor such as
an eye-gaze sensor.

d. Using a method that tracks the user’s hands to pan and
t1lt the viewpoint or to zoom 1n and out. The mput to the
method can be a video of the user from a webcam or
any other 2D or 3D camera or any other sensor such as
an €ye-gaze sensor.

¢. Determining who may be the speaker at any moment
and pan, tilt and zoom 1n on that speaker at any given
moment. If several people may be speaking at the same
time, then the method can determine who may be the
dominant speaker and pan and tilt to that speaker or
may zoom out to a wide field of view 1n which several
speakers may be shown.

The calculations required for creating the avatars in the
virtual 3D video conference environment may be performed
on a user’s computing device, in the cloud or 1n any
combination of the two. Specifically, performing the calcu-
lations on the user’s computing device may be preferable to
ensure faster response time and less delay due to commu-
nications with a remote server.

Two or more 2D or 3D cameras may be placed 1n diflerent
positions around the user’s screen, e.g., mtegrated at the
borders or corners of the user’s screen, so that there may be
simultaneous views of the user from different directions 1n
real time. The 2D or 3D views from different directions can
be used to create a 3D textured model that corresponds to the
user’s appearance in real time.

If the cameras are 3D cameras, then the 3D depth obtained
by the cameras can be merged 1nto a 3D model which would
be more complete than a model obtained from only one
camera, as the two or more cameras capture additional areas
to what can be captured with only one camera.

Since the cameras are located at different places, they
obtain slightly different information about the user and each
camera may be able to capture areas that are hidden and
unseen by other cameras. If the cameras are 2D cameras,
then different methods may be used to estimate a 3D model
of the user’s face. For example, photogrammetric methods
may be used to achieve this task. Alternatively, a neural
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network may be used to estimate a 3D model which would
produce the 1mages as captured by the cameras.

The color 1mages, as captured by the cameras, may be
used to create a complex texture map. This map would then
cover more areas than can be captured by only one camera.
Multiple texture maps as obtained from each camera, may be
stitched together while averaging the overlapping areas, to
create one more comprehensive texture map. This may also
be performed by a neural network.

This real-time 3D textured model can then be used to
render the view of the user from various angles and camera
positions and specifically may be used to correct the viewing
position of the virtual camera as 1f 1t were virtually located
inside the screen of the user—ifor example—at a virtual
location positioned at location that a height and/or lateral
location coordinate of at the participant’s eves.

The virtual location may be positioned within an 1magi-
nary plane that virtually crosses the eyes of the participant—
the 1maginary plane may (for example) be normal or sub-
stantially normal to the display. In thus way, a sensation of
eye contact may be created for the real time video of the
users. The real-time 3D textured model may also be
relighted differently than the lighting of the real person 1n the
real environment, to create a more pleasant i1llumination,
¢.g., an illumination with less shadowing.

A speech recognition or Text to Speech method or neural
network may be applied to the audio streams to summarize
the contents of the conversation taking place in a virtual
meeting. For example, a neural network may be trained on
full body texts and their respective summaries. Similarly, a
neural network can be trained to produce a list of action
items and assignees.

In order to facilitate the process, and assist the neural
network in reaching decisions, a human may signify the
relevant parts of the text for the summary of the task list.
This may be done 1n real time, 1n proximity to when the
relevant text 1s spoken. The summary and list of action 1tems
may be distributed to all the meeting’s attendees or to any
other list of recipients. This can be used to enhance the
meeting and increase 1ts productivity.

A digital assistant may also assist in controlling the
application, e.g., to assist 1n 1nviting recipients, presenting
information to screens or to control other settings of the
application.

A digital assistant may be used to transcribe the meeting
in real time and present the transcription on users’ screens.
This may be very useful when the audio received at the
remote participants’ side may be deteriorated due to echoes
or to an accent that may be hard to understand or to problems
with the communications network such as low bandwidth or
packet loss.

A digital assistant may be used to translate the speech
from one language to another language in real time and
present the translation on users” screens. This may be very
useiul when the participants speak different languages. Fur-
thermore, a Text To Speech (TTS) engine may be used to
create an audio representation of the translated speech. A
neural network, such as a Generative Adversarial Network
or Recursive Neural Network can be used to create a
naturally sounding speech and not a robotic speech. Such a
network may also be trained and then used to create a
translated speech that has the same intonation as in the
original speech in the original language.

Another neural network such as a Convolutional Neural
Network may be used to animate 3D models’ faces and lips
to move according to the generated translated speech. Alter-
natively, a GAN or other network may be used to generate
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2D 1mage sequences of faces and lips moving according to
the generated translated speech. For this, a neural network
can be trained to learn lip movement and face distortions as
they relate to speech. Combining all the processes described
above, an 1mage sequence and corresponding audio of a
person speaking 1n one language may be transformed into an
image sequence and corresponding audio of a person speak-
ing in another language, where the audio sounds natural and
the 1image sequence corresponds to the new audio, 1.e. the lip
movements may be in synchronization with the phonemes of
the speech.

Such a system as described above may be used but may
be not limited to video conferencing applications, television
interviews, automatic dubbing of movies or e-learning appli-
cations.

Method for Precise 3D Tracking of Faces Via Monocular
RGB Video

To track the user’s facial pose and expressions a method
for precise 3D tracking of faces via monocular RGB video
input (without depth) may be beneficial. The method needs
to detect 3D movements of faces 1 a video in relation to the
camera as well as various expressions, €.g., smiles, frowns
and neck pose changes.

Typically monocular video based face tracking may be
done using a sparse set ol landmarks (as 1n dlib based
landmarks, HR-net facial landmarks and Google’s media
pipe landmarks).

These landmarks may be typically created using a sparse
set of user annotated 1mages, or synthetically using para-
metric 3D models.

The limitations of these traditional methods are:

a. Lack of landmarks 1n certain areas (ears, neck).
b. Sparseness of landmarks.

c. Precision and stability of the landmarks.

d. Temporal coherence.

¢. Mapping the landmarks to a 3D model.

The mput to the suggested method may be a 2D mon-
ocular video, a templated 3D model of a face (general) with
deformation model (per person or general) for this 3D
template (specified below) together with an approximation
(specific parameters) of the tracked parameters of the first
frame of the video: approximated deformation parameters
(of the person) 1n the video and an approximated camera
model.

A 3D face template mesh (templated 3D model)—may
include a coarse triangular mesh of a generic human face. By
coarse, we mean 1n the order of 5K or 10K polygons, which
may be sullicient to represent the general shape but not
wrinkles, microstructures or other fine details.

A 3D face deformation model for the template may
include a standard parametric way to deform the template
and change the general shape of the 3D mesh (jaw structure,
nose length, etc), the expression of the face (smile, frown,
etc) or the rigid position and orientation of 1t, based on
positions and cues found in the images. The user of the
method can choose to use a statistical 3DMM as a defor-
mation model, such as the Basel Face Model/Faceware-
house/Flame models and/or use deformation priors such as
As-Rigid-As-Possible, elasticity or isometry objectives.

Approximated deformation parameters of the person in
the video and an approximated camera model can be found
by standard 3DMM fitting techniques, for example by using,
a Tace landmark detection method to detect known face parts
parameters and optimize the camera and pre-annotated land-
marks 1n a least-squared sense. The initialization does not
need to be precise but only approximated and can be
generated via commonly known techniques.
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The output of our method may be the geometry (defor-
mation parameters and mesh models) per-frame, and a set of
approximated camera parameters for each 1mage.

At each frame, the deformed mesh will be referred to as
the current 3D face mesh, and 1ts deformation parameters on
top of the template may be chosen based on a set of
landmarks deduced from the 2D face parts segmentation and
the pre-annotated segmentation. To that end, the suggested
method may use a 2D face parts segmentation method, in
conjunction with a classical 2D rigid registration technique
utilizing an ICP (Iterative Closest Point) method to track and
deform a model of a 3D face based on an mput RGB
monocular video.

The suggested method builds upon common face parts
segmentation networks, that annotate each pixel with a
given face part.

FIG. 13 illustrates face segmentation. Input image 131
may be a color image acquired by a camera. Image 132
illustrates a segmentation of diflerent face parts, visualized
by different colors.

In addition, the triangular mesh template may be pre-
annotated with a predefined annotation of face parts (e.g.
nose, eyes, ears, neck, etc). The mesh annotation may assist
in finding correspondences between various face parts on the
3D model to face parts on a given target image. The face
parts annotation may be done only once on the 3D template,
such that the same annotation can be used for multiple
people automatically. The annotation can be specified by
listing the triangle belonging to each face part, or by using
UV coordinates for the mesh along with a 2D texture map
for colouring face parts in different colors as in FIG. 12.

FIG. 14 1illustrates method 1700.

The method may perform the following process for each
pair of consecutive video frames (noted as first image and
second 1mage)—including one or more 1terations of steps
171-175.

Step 171 may include computing the current 2D positions
of various face parts landmarks in first 1mage given the
current 3D face mesh and camera parameters.

Step 171 may include using the previous iteration’s model
of the deformed face mesh and the camera screen space
projection parameters, the method uses the camera’s extrin-
sic and 1ntrinsic parameters to perform a perspective pro-
jection on the 3D face mesh to get the 2D screen space pixel
locations of each visible annotated face part vertex. Using
the 3D pre-annotation (FIG. 15—see 3D model 141 and UV
map 142) the method finds the 2D position of vertices in
cach face part by matching the annotations.

Step 172 may include computing the 2D location of
various face parts landmarks 1n second image.

Step 172 may include performing a face parts segmenta-
tion method to annotate each pixel of the image—it the pixel
doesn’t belong to the background the method saves the
specified face part 1t belongs to (eyes, nose, ears, lips,
eyebrows, etc) as an annotation.

Step 173 may include computing 2D->2D dense corre-
spondences between the first image face parts’ 2D locations
and the second 1mage face parts 2D locations.

Step 173 may include finding, for each face part, corre-
spondences between the first image face part points and the
second 1mage ones by runmng a symmetric ICP method
(https://en.wikipedia.org/wiki/Iterative_closest_point). The
ICP method 1teratively goes between two steps: in the first
step one {inds correspondences between a first image shape
and a second 1mage shape, greedily by choosing for each
point 1n the first image shape, the closest point on the second
image shape. In the second step one optimizes and finds a
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rotation and translation that optimally transforms the first
image points to the second 1mage points 1n the least-squares
sense. To find an optimal solution, the process repeats these
two steps until convergence which occurs when a conver-
gence metric 1s satisfied.

Here the first image shape may be the current 2D positions
of various face parts and the second 1mage may be the 2D
locations given by the segmentation map (see explanation
above). The ICP ngid fit may be done separately for each
tace part. For example, for each visible projected nose pixel
in {irst image we find a corresponding pixel on the second
image nose, given by the face parts segmentation on the
target 1mage.

Step 174 may 1nclude computing 3D->2D dense corre-
spondences between first image 3D locations and second
image 2D locations.

Step 175 may include deforming the face mesh to match
the correspondences.

Step 174 may 1include using a rasterizer and the given
camera parameters to back-project 2D pixels rendered from
the 3D face mesh and first image camera model back to their
3D location on the mesh, specified by barycentric coordi-
nates. Thus, the method creates correspondences between
face part points 1 3D on the mesh, to a second image
location 1 2D under the camera’s perspective projection.

Step 175 may include using a deformation model (e.g., a
3DMM as explained above) to deform the face mesh and
change the camera parameters such that the projection of the
first 1mage 3D features matches the 2D locations of the
second 1mage 2D locations, as 1n a typical sparse landmarks
and camera fitting.

Steps 171-175 may be repeated until a convergence
metric 1s satisfied.

For example—as 1n a correspondence and fitting proce-
dures, the above steps may be repeated until convergence: at
cach step we find different and better correspondences and
optimize for them. Convergence i1s achieved when a con-
vergence metric 1s satisiied.

This method creates a set of landmarks 1n areas and face
parts that may not be covered by ftraditional landmark
methods, like ears, necks and forehead and this 1s due to the

use of the 3D mesh. The method creates a dense set of

landmarks and the dense correspondences require almost no
annotation except for a one-time annotation of the face parts

in the 3D model template. The method creates a dense set of

high-quality landmarks, that may be temporarily coherent
due to the regression which 1s performed. Coherence 1n this
context means that the landmarks do not jitter between
frames.

It also allows to get landmarks on various faces or body
parts e.g., ears and neck, by simply employing common
segmentation/classification methods.

FIG. 16 may be an illustration of the 2D-to-2D dense
correspondences computation on the upper lips (pixels col-
ored the same in both 1images correspond to each other).

FIG. 17 illustrates a method that include a sequence of

steps, 71, 72, 73 and 74.

Step 71 may include obtaining a virtual 3D environment.
This may include generating or receiving instructions that
once executed will cause the virtual 3D environment to be
displayed to users. The virtual 3D environment can be a
virtual 3D video conference environment or may differ from
a virtual 3D video conference environment.

Step 72 may 1include obtaining information regarding
avatars related to participants—an avatar of a participant
includes at least a face of a participant 1n a conference call.
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An avatar of the participant may be received once, once or
more per period, once or more per conference call.

Step 73 may include virtually positioning the avatars
related to the participants in the virtual 3D environment.
This can be done in any manner, based on previous sessions
of the participants, based on metadata such as job title and/or
priority, based on the roles in the conference call—ifor
example 1mitiator of the call, based on preferences of the
participants, and the like. Step 73 may 1nclude generating a
virtual representation of the virtual 3D environment popu-
lated by the avatars of the participants.

Step 74 may include receiving information regarding
spatial relationships between the locations of the avatars of
the participants and the directions of gaze of the participants
and updating at least the orientation of the avatars related to
the participants within the virtual 3D environment.

FIG. 18 1illustrates method 1600.

Method 1600 may be for updating a current avatar of a
person, and may include steps 1601, 1602, 1603, 1604 and
1605.

Step 1601 may include calculating current locations,
within a two dimensional (2D) space, of current face land-
mark points of a face of a person. The calculating may be
based on the current avatar, and one or more current acqui-
sition parameters of a 2D camera; wherein the current avatar
of the person may be located within a 3D space.

Step 1602 may include calculating target locations, within
the 2D space, of face landmark points of the face of the
person; the calculating of the target locations may be based
on one or more 1images acquired by the 2D camera.

Step 1603 may include calculating correspondences
between the current locations and the target locations.

Step 1604 may include calculating, based on the corre-
spondences, locations of the face landmark points within the
3D space.

Step 16035 may include moditying the current avatar based
on the locations of the face landmark points within the 3D
space.

The current face landmark points may be only edge points
of the current face landmarks.

The current face landmark points may include edge points
of the current face landmarks and non-edge points of the
current face landmarks.

The calculating of the correspondences may include
applying an 1terative closest point (ICP) process, wherein
the current locations may be regarded as source locations.

The locations of the target face landmark points within the
3D space may be represented by barycentric coordinates.

The current avatar may include a reference avatar and a
current 3D deformation model, wherein the modifying of the
current avatar may include modifying the current 3D defor-
mation model without substantially modifying the reference
avatar.

The current 3D deformation model may be a 3D mor-
phable model (3DMM).

The method may 1nclude repeating, for a current 1mage
and until converging, steps 1601-1605.

Step 1602 may include segmentation.

FIG. 18 also illustrates an example of method 16350 for
conducting a 3D video conference between multiple partici-
pants.

Method 1650 may 1nclude steps 16352, 1654 and 1656.

Step 1652 may include recerving initial 3D participant
representation information for generating the 3D represen-
tation of the participant under different circumstances. This
receiving may be based on videos or images of the partici-
pant acquired specifically for video conferencing or for other



US 11,765,332 B2

31

purposes. The received information may also be retrieved
from additional sources such as social networks and the like.
The participant information may be related to the partici-
pants of a conference call—for example a first participant
and a second participant.

Step 1654 may include receiving, by a user device of a
first participant and during the 3D video conference call,
second participant circumstances metadata indicative of one
or more current circumstances regarding a second partici-
pant.

Step 1656 may include updating, by the user device of the
first participant, a 3D participant representation of the sec-
ond participant, within a first representation of virtual 3D
video conference environment.

The different circumstances may include at least one out
of different image acquisition conditions, different directions
of gaze, different viewpoints of a viewer, diflerent expres-
sions, and the like.

The 1mitial 3D participant representation information may
include an 1nitial 3D model and one or more 1mitial texture
maps.

FIG. 18 also illustrates an example of method 1900 for
conducting a 3D video conference between multiple partici-
pants.

Method 1900 may include steps 1910 and 1920.

Step 1910 may include determining, for each participant
and multiple times during the 3D video conference, updated
3D participant representation information within the virtual
3D video conference environment.

Step 1920 may include generating, for at least one par-
ticipant and multiple times during the 3D video conierence,
an updated representation of a virtual 3D video conference
environment, the updated representation of virtual 3D video
conference environment represents the updated 3D partici-
pant representation information for at least some of the
multiple participants.

The 3D participant representation information may
include a 3D model and one or more texture maps.

The 3D model may have separate parameters for shape,
pose and expression.

Each texture map may be selected and/or augmented
based on at least one out of shape, pose and expression. The
augmentation may include, modifying values due to light-
ing, facial make-up eflects (lipstick, blush and the like . . .
), adding or removing facial hair features (such as beard,
moustache), accessories (such as eyeglasses, ear buds) and
the like.

Each texture map may be selected and/or augmented
based on at least one out of shape, pose, expression and
angular relationship between a face of the participant and an
optical axis of a camera that captures an 1mage of face of the
participant.

The method may include repetitively selecting for each
participant, a selected 3D model out of multiple 3D models
of the participant; and smoothing a transition from one
selected 3D model of the participant to another 3D model of
the participant.

Step 1910 may include at least one out of:

a. Using one or more neural network for determining the

updated 3D participant representation information.

b. Using multiple neural networks for determining the
updated 3D participant representation information,
wherein different neural networks of the multiple neu-
ral networks may be associated with different circum-
stances.

c. Using multiple neural networks for determining the
updated 3D participant representation information,
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wherein diflerent neural networks of the multiple neu-
ral networks may be associated with different resolu-
tions.

The method may include selecting an output of at least
one neural network of the multiple neural networks based on
a required resolution wherein the multiple neural networks
operate on different output resolutions and the one with the
resolution that 1s closest to the required resolution 1s
selected.

FIG. 18 further illustrates an example of method 2000 for
conducting a 3D video conference between multiple partici-

pants.

Method 20 may include steps 2010 and 2020.

Step 2010 may 1nclude determining, for each participant,
updated 3D participant representation information within
the virtual 3D video conference environment, that represents
participant. The determining may include estimating 3D
participant representation information of one or more hidden
areas ol a face of a participant that may be hidden from the
camera that captures at least one visible area of the face of
the participant.

Step 2020 may include generating, for at least one par-
ticipant, an updated representation of virtual 3D wvideo
conference environment, the updated representation of vir-
tual 3D wvideo conference environment represents the
updated 3D participant representation information for at
least some of the multiple participants.

The method may include estimating 3D model hidden
areas and one or hidden parts texture maps.

The estimating 3D participant representation information
of one or more hidden areas may be executed by using one
or more generative adversarial networks.

The method may 1include determining a size of the avatar.

Multi-Resolution Neural Networks for Rendering 3D
Models of People.

In a 3D virtual meeting application there may be a need
to present participants of the 3D virtual video conference
with very high quality 1n the virtual 3D video conierence
environment. To achieve a high realism level, neural net-
works may be used to create a 3D model of the head and
body of each participant. A neural network may be also used
to create a texture map of the participants and the 3D model
and texture maps can then be rendered to create an image of
the participants that can be viewed from different angles.

If there are more than two participants 1n the meeting,
then each participant may wish to zoom-1n and out in order
to see other participants from close-up or rather zoom-put to
see many or all of the participants in the meeting.

Using a neural network to create the 3D model and texture
maps of the participants may be typically a computationally
intensive operation. Runming the neural network many times
for rendering the 1mages of many participants may not be
scalable and may not be possible using a standard computer
as the number of needed computations may be high and the
computer’s resources may be exhausted without achieving
real-time rendering. Alternatively, it may be very costly
using a network of computers on the cloud.

According to this embodiment, a set of networks may be
trained to produce 3D models and texture maps at diflerent
levels of detail (number of polygons in the 3D model and
number of pixels in the texture map).

For example, very high-resolution networks may create a
3D model with 10,000 polygons and a 2D texture map with
2000x2000 pixels. A high-resolution network may create a
3D model with 23500 polygons and a 2D texture map with
1000x1000 pixels.
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A medium-resolution networks may create a 3D model
with 1500 polygons and a 2D texture map with 500x500
pixels. A low-resolution network may create a 3D model
with 625 polygons and a 2D texture map with 250x250
pixels.

In an embodiment, all these networks can be one network
with several outputs after a varying number of layers. For
example, the output of the final network would be a texture
map with 2000x2000 pixels and the output of the previous
layer would be a texture map with 1000x1000 pixels.

During run-time, the software determines what would be
the size of the image of each participant in the meeting
according to the zoom level that the user may be using.

According to the required size following the zoom level,
the method determines which networks should be used to
create the 3D model and the 2D texture map with the
relevant level of details. In this way, smaller figures require
a lower resolution network that results 1n a lower number of
calculations per network. Accordingly, the total number of
calculations required to render the 1mages of many people
would be reduced compared to the running of many full
resolution networks.

According to an embodiment a texture map of a face of
the person can be generated based on texture maps of
different areas of the face.

One of the texture maps of an area of the face (for
example of a face landmark, of an eye, mouth, and the like)
may be of a higher resolution (more detailed) than from a
texture map of another area of the face (for example the area
between the eye and nose may have a higher resolution than
the cheeks or forechead). See, for example FIG. 20 in which
a higher resolution texture map of the eyes may be added to
lower resolution texture maps of other areas of the face to
provide a hybrid texture map 2222.

The texture maps of the different areas may be of two or
more different resolution levels. The selection of the reso-
lution per texture map may be fixed or may change over
time. The selection may be based on priorities of the
different areas. The priority may change over time.

According to another embodiment, texture maps of dif-
ferent areas of the face may be updated and/or transmaitted at
different frequencies according to the frequency of change
of those areas. For example eyes and lips may change more
frequently than nostrils or eyebrows. Accordingly, the tex-
ture maps of the nostrils and eyebrows may be updated less
often that those for eyes and lips. This way the number of
calculations 1s further reduced—in comparison to a situation
in which the texture maps of the nostrils and eyebrows are
updated at the higher frequency of update of the texture
maps of the eyes and lips.

The resolutions of the different face area texture maps
may be based on an additional parameter such as available
computational resources, memory resource status, and the
like.

The generating of the texture map of the face from texture
maps ol different areas of the face may be executed 1n any
manner and may include, for example, smoothing the bor-
ders between the different texture maps of the different
areas, and the like. Any reference made to the face may be
applied mutatis mutandis to the entire person or to any other
body organ of the person.

FIG. 18 also illustrates an example of method 2100 for
generating a texture map used during a video conference
such as a virtual 3D conference.

Method 21 may include steps 2110, 2120 and 2130.

Step 2110 may include obtaining (for example generating
Or recerving in any manner) multiple texture maps of mul-
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tiple areas of at least a portion of a 3D object; wherein the
multiple texture maps may include a first texture map of a
first area and of a first resolution, and a second texture map
of a second area and of a second resolution, wherein the first
area differs from the first area and the first resolution diflers
from the second resolution.

Step 2120 may include generating a texture map of the at
least portion of the 3D object, the generating may be based
on the multiple texture maps.

Step 2130 may 1nclude utilizing the visual representation
of the at least portion of the 3D object based on the texture
map of the at least portion of the 3D object during the video
conierence.

Multi-View Texture Maps

There may be provided generating highly realistic faces—
it may be applicable to other objects.

Generating high-quality and very realistic images and
videos or faces and bodies may be a general problem in
computer graphics.

This can be applied to the creation of movies or to
computer games among other uses.

It can also be applied for creating a 3D video conferencing
application 1n which users may be seated 1n a common space
and 3D avatars represent the participants and move and talk
according to the actual movements of the users as captured
by a standard webcam.

To create a realistically looking 3D representation of a
face, head or body, 3D models and 2D texture maps may be
created oflline, and then rnigged. Rigging means creating
handles 1n the 3D model that enable moving different parts
of the model, much like muscles do 1n a real body.

The 3D model and texture maps should include views of
the external parts of the body and face but also 1nternal parts
such as the mouth, teeth and tongue. They should enable to
move body parts such as the eyelids to present open and
closed eyes.

To create highly realistic looking 1mages or videos, very
high-level 3D models may be used—+typically with up to
100,000 polygons 1n a model of a head.

In addition, the texture maps should include descriptions
of all the internal and external body/head parts in high
resolution.

In addition to the texture maps, material maps or reflec-
tivity maps may be needed in order to enable the rendering
engine to simulate non uniform (non-Lambertian) retlec-
tions of light from the body and face, for example retlections
from a moist or oily skin or from the glossy eyes.

Creating such 3D models and 2D texture and material
maps typically requires a well-equipped studio with many
cameras and controlled lighting. This limits the use of these
models to offline and post-production use cases.

Due to all this, rendering a highly realistic body and head
may be a complex process that requires many calculations.
Such an amount of calculations may not be able to be
processed on any standard computer at real time and at a
high frame rate (at least 30 frames per second).

This problem becomes even more serious 1 many bodies
and heads need to be rendered in each 1mage, for example,
if there may be many participants 1n a 3D meeting.

Instead of using a 3D model with a very high number of
polygons, texture maps with many options for internal and
external parts and maternial/retlection maps, there 1s provided
an alternative solution that would require much fewer cal-
culations and also enable the real-time rendering of many
bodies and faces.
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The solution may be based on capturing 1mages or videos
of a person from various points of view, e.g., from the front,
sides, back, top and bottom.

This can be done by scanning the head with a handheld
mobile phone camera or by turning the head 1n front of a
fixed camera such as a webcam or a mobile phone camera
fixed on a tripod or any other device. Images of the person
may also be acquired by other methods and other sources,
including extracting from social networks or other Internet
resources, using scanned photographs of the person and the

like,

During the scanning process, the person may be asked to
perform different facial expressions and talk. To scan a
whole body, the user may be asked to pose 1n different body
poses or to move and change poses continuously.

The 1mages that are collected 1n this process may be used
to train a neural network or several neural networks that
produce a 3D model of the head and/or body as a function
of the required pose and expression and as a function of the
viewpoint.

In addition, a viewpoint dependent texture map may be
produced as a function of the required pose and expression
and as a function of the viewpoint.

The 3D model and texture map may be used to render an
image ol the head and/or body or the person.

Since the 2D texture map that 1s outputted by the neural
network may be dependent on at least one of viewpoint, pose
and expression, 1t should only include the information that
may be relevant to rendering the image from that at least one
of viewpoint, pose and expression. This enables the 3D
model of the head or body to be less accurate as missing 3D
details such as skin wrinkles may be compensated by the fact
that those details appear in the 2D texture image. Similarly,
there may be no need to create a rigged model of open or
closed eyelids as the texture of an open or closed eyelid may
be found 1n the 2D mmage and projected on the 3D model.

In fact, the 3D model can be highly mnaccurate as it omits
many facial details and does not consider small muscles and
theirr movements. It also does not include internals not the
moving facial parts as mentioned above, while the 2D 1image
presents the appearance from a certain viewpoint and not
from multiple viewpoints. This means that inaccuracies 1n
the 3D model will not retlect in the rendering of the 3D
model and the texture map from a certain viewpoint.

As a result, the 3D model used for rendering the images,
does not need to be very detailed and does not include many
polygons. Typically, it can have several thousand or several
hundreds of polygons, compared to tens of thousands or
hundreds of thousands of polygons 1n conventional solu-
tions.

This allows the fast, real-time rendering of a head and/or
body 1n real time on a computational device with an inex-
pensive processing unit.

Furthermore, the 3D model and 2D texture maps may be
outputted by different networks as a function of the resolu-
tion of the desired output image. Low resolution images
would be rendered based on low resolution polygon 3D
models and low-resolution texture maps that may be output
by neural networks with fewer coeflicients requiring fewer
computations.

This further allows the rendering of several heads and/or
bodies at once 1n one 1mage using a low cost and low power
computational device such as a laptop without a GPU, a
mobile phone or a tablet.

Also note that the solution does not require a studio and
may be based on a single camera. It does not require a
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complex system with many cameras and illumination
sources and does not require controlled lighting.

FIG. 19 illustrates an example of method 2200 for 3D
video conference.

Method 2200 may include steps 2210 and 2220.

Step 2210 may 1nclude determining, for each participant,
updated 3D participant representation information within
the virtual 3D video conference environment, that represents
participant. The determining may include compensating for
difference between an actual optical axis of a camera that
acquires 1mages of the participant and a desired optical axis
ol a virtual camera.

Step 2220 may include generating, for at least one par-
ticipant, an updated representation of virtual 3D video
conference environment, the updated representation of vir-
tual 3D wvideo conference environment represents the
updated 3D participant representation information for at
least some of the multiple participants.

The updated representation of virtual 3D video confer-
ence environment may include an avatar per participant of
the at least some of the multiple participants.

A direction of gaze of a first avatar within the virtual 3D
video conference environment may represent a spatial rela-
tionship between a (a) direction of gaze of a first participant
that may be represented by the first avatar and (b) a
representation of the virtual 3D video conference environ-
ment displayed to the first participant.

A direction of gaze of a first avatar within the virtual 3D
video conference environment may be agnostic to the actual
optical axis of the camera.

A first avatar of a first participant within the updated
representation of the virtual 3D video conference environ-
ment appears 1n the updated representation of the virtual 3D
video conference environment as being captured by the
virtual camera.

The virtual camera may be located at a virtual plane that
virtually crosses the eyes of the first participant of the first
participant.

The method may 1nclude receiving or generating partici-
pants appearance information about head poses and expres-
sions of the participants, and determining the updated 3D
participant representation information to reflect the partici-
pant appearance information.

The method may include determining a shape of each of
the avatars.

FIG. 19 also illustrates an example of method 2300 for
generating an image irom a certain viewpoint of an object
that may be three dimensional.

Method 2300 may include step 2310 of rendering an
image of the object, based on a compact 3D model of the
object and at least one two-dimensional (2D) texture map
associated with the certain viewpoint.

The rendering may 1nclude virtually placing texture gen-
crated from the at least one 2D texture map on the compact
3D model.

The method may include selecting the at least one 2D
texture maps associated with the certain viewpoint out of
multiple 2D texture map that may be associated with dii-
ferent texture map viewpoints.

The rendering may be also responsive to a requested
appearance of the object.

The object may be a representation of an acquired object
that may be acquired by a sensor.

The rendering may be also responsive to an appearance
parameter of the acquired object.

The acquired object may be a participant of a three-
dimensional (3D) video conference.
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The method may include receiving the at least one 2D
texture map from one or more neural networks.

FI1G. 19 further 1llustrates an example of method 2400 for
conducting a 3D video conference between multiple partici-
pants.

Method 2400 may include steps 2410, 2420 and 2430.

Step 2410 may include recerving second participant meta-
data and first viewpoint metadata by a first unit that may be
associated with a first participant, wherein the second par-
ticipant metadata may be indicative of a pose of a second
participant and an expression of the second participant,
wherein the first viewpoint metadata may be indicative of a
virtual position from which the first participant requests to
view an avatar of the second participant.

Step 2420 may include generating, by the first unit, and
based on the second participant metadata and the first
viewpoint metadata, a second participant representation
information; wherein the second participant representation
information may include a compact 3D model of the second
participant and a second participant texture map.

Step 2430 may include determining, for the first partici-
pant and during the 3D video conference, a representation of
virtual 3D video conference environment, wherein the deter-
miming may be based on the second participant representa-
tion information.

The method may include generating each one of the
compact 3D and the second participant texture map 1n
response to the second participant metadata and {first view-
point metadata.

The generating of at least one of the compact 3D model
and the second participant texture map may include feeding
the second participant metadata and first viewpoint metadata
to one or more neural networks trained to output the at least
one of the compact 3D model and the second participant
texture map based on the second participant metadata and
first viewpoint metadata.

The compact 3D model may include less than ten thou-
sand points.

The compact 3D model may consist essentially of five
thousand points such as for the FLAME model (https://
flame.1s.tue.mpg.de/home).

The determining of the representation of the virtual 3D
video conference environment may include determining an
estimate of an appearance of the second participant in the
virtual 3D wvideo conference environment based on the
second participant texture map; and amending the estimate
based on a compact 3D model of at least the second
participant.

The amending may include amending the estimate based
on concealment and illumination eflects related to compact
3D models of one or more participants of the 3D conference
video.

Attentiveness and Mood Estimation from Video

Due to Covidl9 many in person meetings have been
replaced by video conferencing calls.

Such calls may be lengthy, and participants may lose their
attentiveness or focus and may also be tempted to do other
things 1n parallel to the meeting such as browse the internet,
read emails or play with their phones.

In many cases, 1t may be important for some of the

meeting participants to know 1f the other participants may be
attentive, (1.e. paying attention to the meeting) and how the
other participants feel—they may be, for example, content,
sad, angry, stressed, agree or disagree with what 1s said, etc.
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Example cases for such video conierencing call may be

associated, for example with school lectures, university
lectures, sales meetings, and team meetings managed by a
team manager.
There may be provided a solution for analyzing videos
and estimating the attentiveness of participants and espe-
cially those who may be not actively participating and
talking.

A database of videos from video conierencing meetings
may be collected.

For every participant (or at least some of the participants)
that appear 1n one or more of the videos, the video may be
divided 1nto parts 1n which the attentiveness and feelings of
the user may be estimated to be constant. In each part of each
video, the attentiveness level and emotions may be esti-
mated by using several possible means:

The participant may be asked how interested he/she was
during that part of the meeting and what was their mood
during that time.

a. An external annotator may be asked to estimate the
attentiveness and mood based on the appearance of the
participant, such as the head pose, eye movements and
facial expressions.

b. External devices may be used to measure the partici-
pants heartbeat and other biological signals, as done by
a polygraph machine or other less sophisticated meth-
ods.

c. A computer soitware or an observer may verilty whether
the participant was looking at another window on the
computer screen that may be unrelated to the meeting,
1.¢. not focusing completely on the meeting.

For each part of each video a numerical score for the
attentiveness may be created or alternatively, the partici-
pant’s attentiveness may be classified into several classes
such as “highly interested”, “interested”, “apathetic”,
“bored”, “extremely bored” and “multi-tasking”.

In a similar manner, the user’s mood may be estimated,
e.g., “happy”, “content™, “sad”, “angry”, “stressed”.

Conversely, numerical values can be given to certain
feelings such as happiness, relaxation, interest, etc.

A neural network model may be trained to find the
correlation between the appearance of the participant 1n the
video and the level of attentiveness and mood.

In run time, a video may be supplied to the network and
it outputs an estimate of the attentiveness level as function
ol time.

This output may be presented to some participants such as
the host or manager of the meeting (teacher, salesperson,
manager) i order to improve their performance or to aid
certain other participants who may have lost attentiveness.

In an embodiment, the faces detected in the videos may be
modelled by a neural network generating a parametric model
that includes parameters regarding the head pose, eye gaze
direction and facial expressions, as described in previous
patents.

Once a parametric model 1s found, only the parameters
may be mput to the neural network that estimates the
attentiveness level instead of mputting the raw video.

The parameters may be inputted as a temporal series of
parameters so that the temporal change 1n expressions, head
and eye movements may be taken into consideration. For
example, 1f there 1s no change in the parameters coding the
facial expression or head and eyes direction for a prolonged
period of time, the network may learn that this may be a sign
ol 1nattentiveness.
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Such a method may be beneficial as 1t reduces the amount
of data that may be input 1nto the network that estimates the
level of attentiveness.

In another embodiment, the output of the video analysis
network may be combined with data collected by a computer
soltware.

Such additional data can be:

a. Are other windows being viewed on the screen?

b. Is the user typing or may be the mouse clicked during

a video-conferencing meeting?

c. Using eye gaze tracking, the direction in which a person
may be looking can be estimated.

The method may estimate whether the user may be
looking at the person who may be talking in a video
conferencing app or at other people or just gazing around.

Using eye gaze detection, the method can also estimate
whether the user 1s looking at areas of the screen that 1s not
occupied by the video conferencing soitware, such as other
open windows.

Using eye gaze detection, the method can estimate
whether the user may be reading text during the meeting.

The combination of all the data sources may be used to
estimate whether the participant of the meeting may be
multi-tasking during the meeting and paying attention to
other tasks instead of the video meeting.

Note that the process mentioned above may be not limited
to rendering 1mages of people and can be also used to render
amimals or any other objects.

FI1G. 19 further 1llustrates an example of method 2500 for
determining a mental parameter of a participant 1n video
conference video conference.

Method 2500 may include steps 2510 of applying a
machine learning process on video of the participant
acquired during the video conference to determine the
mental state of the participant during the video conference;
wherein the mental state may be selected out of mood and
attentiveness. The machine learning process was trained by
a training process during which 1t was fed with training
video segments of one or more people and traiming mental
state metadata indicative of the mental state of the one or
more people participant during each of the training video
segments.

The training mental state metadata may be generated in
any manner—ior example by at least one out of:

a. Querying the one or more people.

b. Generated by an entity (medical stafl, expert, and the

like) that differs from the one or more people.

c. Measuring one or more physiological parameters of the
one or more people during an acquisition of the training
video segments.

d. Generated based on interactions of the one or more
people, during the acquisition of the training video
segments, with components other than a display asso-
ciated with the one or more people.

¢. Generated based on a direction of gaze of the one or
more people, during an acquisition of the training
videos segments.

The one or more people may be the participant.

The video conference may be a three-dimensional (3D)

video conference.

Method 2500 may include the training.

FI1G. 18 further 1llustrates an example of method 2600 for
determining a mental state of a participant 1n video confer-
ence video coniference.

Method 2600 may include steps 2610 and 2620.
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Step 2610 may include obtaining participant appearance
parameters during the 3D video conference. An example of
such parameters 1s given in the Flame model (https://
flame.1s.tue.mpg.de/home).

Step 2620 may include determining the mental state of the
participant, wherein the determining may include analyzing,
by a machine learning process, the participant appearance
parameters.

The machine learning process may be implemented by a
thin neural network.

The analyzing occurs repetitively during the 3D video
conierence.

The analyzing may include tracking after one or more
patterns of values of the appearance parameters.

The method may include determining, by the machine
learning process, and based on the one or more patterns, the
mental state of the participant.

The method may include determining a lack of attentive-
ness wherein during at least a predetermined period the one
Or more appearance parameters may be substantially
unchanged.

The mental state may be a mood of the participant.
The mental state may be an attentiveness of the partici-
pant.

The determining may be further responsive to one or more
interaction parameter regarding an interaction of the partici-
pant within a device other than a display.

The participant appearance parameters may include a
direction of gaze of the participant.

FIG. 19 illustrates an example of method 2700 for deter-
mining a mental parameter of a participant 1n video confer-
ence video conference.

Method 2700 may include steps 2710 and 2720.

Step 2710 may include obtaiming participant interaction
parameters during the 3D video conference.

Step 2720 may include analyzing, by a machine learning
process, the participant interaction parameters to determine
the mental parameter of the participant.

FIG. 19 also illustrates an example of method 2800 for
determining a mental state of a participant in video confer-
ence video conierence.

Method 2800 may include steps 2810, 2820 and 2830.

Step 2810 may include obtaining participant appearance
parameters during the 3D video conference.

Step 2820 may include obtaining participant computer
traflic parameters indicative of computer traflic exchanged
with a computer of the participant, the computer of the
participant being utilized for participating 1n the 3D video
conierence.

Step 2830 may include determining the mental state of the
participant, wherein the determining may include analyzing,
by a machine learning process, the participant appearance
parameters, and the participant computer traflic parameters.

FIG. 19 also illustrates an example of method 2900 for
determining a mental state of a participant in video confer-
ence video conierence.

Method 2900 may include steps 2910, 2920 and 2930.

Step 2910 may include obtaining participant appearance
parameters during the 3D video conference.

Step 2920 may include obtaining participant computer
traflic parameters indicative ol computer traflic exchanged
with a computer of the participant, the computer of the
participant being utilized for participating 1n the 3D video
conierence.

Steps 2910 and 2920 may be followed by step 2930 of
determining the mental state of the participant, wherein the

determining may include analyzing, by a machine learning
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process, the participant appearance parameters, and the
participant computer tratlic parameters.

It should be noted that the total number of calculations
that may need to be performed may be bounded not by the
number of people that appear 1n the Field Of View (FOV)
but rather by the resolution of the view. If the screen
resolution remains constant, then, for example, widening the
FOV may result in more participants shown but with smaller
s1zes that need to be captured and rendered.

In the foregoing specification, the embodiments of the
disclosure have been described with reference to specific
examples of embodiments of the disclosure. It will, how-
ever, be evident that various modifications and changes may
be made therein without departing from the broader spirit
and scope of the embodiments of the disclosure as set forth
in the appended claims.

Moreover, the terms “front,” “back,” “top,” “bottom,”
“over,” “under” and the like 1n the description and 1n the
claims, 1t any, are used for descriptive purposes and not
necessarily for describing permanent relative positions. It 1s
understood that the terms so used are interchangeable under
appropriate circumstances such that the embodiments of the
disclosure described herein are, for example, capable of
operation in other orientations than those illustrated or
otherwise described herein.

The connections as discussed herein may be any type of
connection suitable to transfer signals from or to the respec-
tive nodes, units, or devices, for example via intermediate
devices. Accordingly, unless implied or stated otherwise, the
connections may for example be direct connections or
indirect connections. The connections may be 1llustrated or
described 1n reference to be a single connection, a plurality
of connections, unidirectional connections, or bidirectional
connections. However, diflerent embodiments may vary the
implementation of the connections. For example, separate
unidirectional connections may be used rather than bidirec-
tional connections and vice versa. Also, plurality of connec-
tions may be replaced with a single connection that transters
multiple signals serially or 1n a time multiplexed manner.
Likewise, single connections carrying multiple signals may
be separated out 1nto various different connections carrying
subsets of these signals. Therefore, many options exist for
transierring signals.

Any arrangement ol components to achieve the same
functionality 1s eflectively “associated” such that the desired
functionality 1s achieved. Hence, any two components
herein combined to achieve a particular functionality may be
seen as “associated with” each other such that the desired
functionality 1s achieved, irrespective of architectures or
intermedial components. Likewise, any two components so
associated can also be viewed as being “operably con-
nected,” or “operably coupled,” to each other to achieve the
desired functionality.

Furthermore, those skilled in the art will recognize that
boundaries between the above-described operations merely
illustrative. The multiple operations may be combined into
a single operation, a single operation may be distributed 1n
additional operations and operations may be executed at
least partially overlapping in time. Moreover, alternative
embodiments may include multiple instances of a particular
operation, and the order of operations may be altered 1n
various other embodiments.

Also, for example, 1n one embodiment, the illustrated
examples may be implemented as circuitry located on a
single itegrated circuit or within a same device. Alterna-
tively, the examples may be implemented as any number of
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separate integrated circuits or separate devices intercon-
nected with each other in a suitable manner.

However, other modifications, variations and alternatives
are also possible. The specifications and drawings are,
accordingly, to be regarded 1n an illustrative rather than 1n a
restrictive sense.

In the claims, any reference signs placed between paren-
theses shall not be construed as limiting the claim. The word
‘comprising’ does not exclude the presence of other ele-
ments or steps then those listed in a claim. Furthermore, the
terms “a” or “an,” as used herein, are defined as one or more
than one. Also, the use of introductory phrases such as “at
least one” and “one or more” 1n the claims should not be
construed to imply that the introduction of another claim
clement by the indefinite articles “a” or “an” limits any
particular claim containing such introduced claim element to
embodiments of the disclosure s containing only one such
element, even when the same claim includes the introduc-
tory phrases “one or more” or “at least one” and indefinite
articles such as “a” or “an.” The same holds true for the use
of definite articles. Unless stated otherwise, terms such as
“first” and “second” are used to arbitrarily distinguish
between the elements such terms describe. Thus, these terms
are not necessarily intended to indicate temporal or other
prioritization of such elements. The mere fact that certain
measures are recited in mutually different claims does not
indicate that a combination of these measures cannot be used
to advantage.

While certain features of the embodiments of the disclo-
sure have been 1llustrated and described herein, many modi-
fications, substitutions, changes, and equivalents will now
occur to those of ordinary skill 1n the art. It 1s, therefore, to
be understood that the appended claims are intended to
cover all such modifications and changes as fall within the
true spirit of the embodiments of the disclosure.

What 1s claimed 1s:

1. A method for conducting a three dimensional (3D)
video conference between multiple participants, the method
COmprises:

receiving second participant metadata and first viewpoint

metadata by a first unit that 1s associated with a first
participant, wherein the second participant metadata 1s
indicative of a pose of a second participant and an
expression of the second participant, wherein the first
viewpoint metadata 1s indicative of a virtual position
from which the first participant requests to view an
avatar of the second participant;

generating, by the first unit, and based on the second

participant metadata and the first viewpoint metadata, a
second participant representation mformation; wherein
the second participant representation information com-
prises a compact 3D model of the second participant
and a second participant texture map; and
determiming, for the first participant and during the 3D
video conference, a representation of virtual 3D video
conference environment, wherein the determining
comprises: determining an estimate of an appearance of
the second participant 1n the virtual 3D video confer-
ence environment based on the second participant
texture map; and amending the estimate based on a
compact 3D model of at least the second participant.

2. The method according to claim 1 comprising generat-
ing each one of the compact 3D model and the second
participant texture map 1n response to the second participant
metadata and first viewpoint metadata.

3. The method according to claim 1 wherein the gener-
ating of at least one of the compact 3D model and the second
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participant texture map comprises feeding the second par-
ticipant metadata and first viewpoint metadata to one or
more neural networks trained to output the at least one of the
compact 3D model and the second participant texture map
based on the second participant metadata and first viewpoint
metadata.

4. The method according to claim 1 wherein the compact
3D model comprises less than ten thousand points.

5. The method according to claim 1 wherein the compact
3D model consists essentially of five thousand points.

6. The method according to claim 1 wherein the amending
comprises amending the estimate based on concealment and
illumination eflects related to compact 3D models of one or
more participants of the 3D conference video.

7. A non-transitory computer readable medium for con-
ducting a three dimensional (3D) video conierence between
multiple participants, the non-transitory computer readable
medium that stores instructions for:

receiving second participant metadata and first viewpoint

metadata by a first unit that 1s associated with a first
participant, wherein the second participant metadata 1s
indicative of a pose of a second participant and an
expression of the second participant, wherein the first
viewpoint metadata 1s indicative of a virtual position
from which the first participant requests to view an
avatar of the second participant;

generating, by the first unit, and based on the second

participant metadata and the first viewpoint metadata, a
second participant representation information; wherein
the second participant representation information that
stores 1nstructions for a compact 3D model of the
second participant and a second participant texture
map; and
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determiming, for the first participant and during the 3D
video conference, a representation of virtual 3D video
conference environment, whereimn the determining
comprises determining an estimate of an appearance of
the second participant 1n the virtual 3D video confer-
ence environment based on the second participant
texture map; and amending the estimate based on a
compact 3D model of at least the second participant.

8. The non-transitory computer readable medium accord-
ing to claiam 7 comprising generating each one of the
compact 3D model and the second participant texture map
are 1n response to the second participant metadata and first
viewpoint metadata.

9. The non-transitory computer readable medium accord-
ing to claim 7 wherein the generating of at least one of the
compact 3D model and the second participant texture map
that stores instructions for feeding the second participant
metadata and first viewpoint metadata to one or more neural
networks trained to output the at least one of the compact 3D
model and the second participant texture map based on the
second participant metadata and first viewpoint metadata.

10. The non-transitory computer readable medium
according to claim 7 wherein the compact 3D model that
stores 1nstructions for less than ten thousand points.

11. The non-transitory computer readable medium
according to claim 7 wherein the compact 3D model consists
essentially of five thousand points.

12. The non-transitory computer readable medium
according to claim 7 wherein the amending that stores
instructions for amending the estimate based on conceal-
ment and 1llumination effects related to compact 3D models
of one or more participants of the 3D conference video.
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